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PREFACE 


TO  VOLUME  in. 


This  yolume  completes  the  Second  Edition  of  the  Treatise  on 
the  Manufacture  of  Sulphuric  Acid  and  Alkali^  to  which  I  have 
devcyted  the  greater  part  of  my  avidlable  time  during  the  past 
five  years.  To  this  volume  the  remark  applies  even  more 
forcibly  than  to  the  first  two  volumes,  that  this  is  not  merely  a 
"  new  edition/*  but  practically  a  new  book  altogether,  for  which  the 
first  edition  has  but  served  as  groundwork.  Only  a  few  chapters 
resemble  those  of  the  first  edition,  viz. :  those  treating  of  the  old 
chlorine  process,  the  Weldon  process,  the  manufacture  of  bleach- 
ing-powder  and  chlorate  of  potash;  and  even  these  contain  a 
large  number  of  improvements  and  additions.  The  chapters  on 
ammonia-soda,  on  the  more  recent  soda-process,  on  the  Deacon 
process,  and  the  other  chlorine  processes^  have  had  to  be  entirely 
re-written,  and  electrolysis  now  appears  for  the  first  time. 

As  before,  I  have  been  assisted  by  a  multiplicity  of  observations 
at  factories  and  communications  from  their  owners  and  managers  ; 
and  I  may  claim  that  this  work,  apart  from  the  endeavour  to 
famish  a  digest  of  everything  which  has  been  published  on  the 
subject,  is  anything  but  a  writing-table  compilation.  I  have 
certainly  encountered  many  more  difficulties  than  in  the  case  of 
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the  first  two  volumes.  For  these  I  was  able  to  utilize  nearly 
all  the  comTnunications  derived  from  actual  practice^  since  the 
industries  of  sulphuric  acid^  of  the  other  acids^  and  of  Leblanc 
soda  are  only  exceptionally  hedged  round  with  secrecy.  But  this 
secrecy  is  very  prevalent  in  the  majority  of  the  industries  treated 
of  in  this  volume^  especially  the  ammonia-soda^  the  Deacon 
process^  and  the  electrolytical  processes.  It  is  true  that  I  have 
had  ihe  advantage  of  being  behind  the  scenes  to  a  greater  extent 
than  very  many  chemists^  and  I  believe  that  but  little  iu  this 
department  has  been  concealed  from  me.  But  circumstances 
impose  upon  me  more  or  less  discretion  in  utilizing  most  of 
what  I  have  seen  or  heard^  and  I  have  honestly  tried  not  to  abuse 
the  confidence  placed  in  me  in  that  respect.  The  knowledge 
acquired  under  such  circumstances  has  been  carefully  employed 
to  avoid  mistakes^  and  to  dwell  somewhat  more  fully  than  I 
otherwise  might  have  done  on  some  patent  specifications  and  the 
like.  In  doing  this,  1  have  found  that  there  are  very  few  of  what 
practical  men  take  to  be  important  secrets  which  are  not  acces- 
sible in  print  in  one  shape  or  another^  or  else  are  known  just  as 
well  to  other  practical  men.  Very  often  I  have  found  that  the 
substance  of  communications  which  I  had  received  as  "  strictly 
confidential^^  was  to  be  obtained  in  a  far  more  accurate  and 
explicit  form  in  patent  specifications  or  other  publications^  open  to 
the  whole  world,  or  else  that  the  identical  matters  were  treated 
by  other  professional  men  as  well-known  to  everybody  concerned. 
Taking  this  into  account^  I  have  found  myself  enabled^  without 
any  violation  whatever  of  the  discretion  imposed  upon  rae^  to 
present  a  faithful  picture  of  the  actual  state  of  the  industries  in 
question. 
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I  mast  draw  special  attcDtioQ  to  the  fact  that  the  copious 
Addenda^  forming  the  conclusion  of  this  volume^  bring  the 
contents  of  the  two  preceding  volumes  up  to  date^  which  is 
especially  important  in  the  case  of  Sufphuric  Acid,  the  second 
edition  of  Vol.  I.  having  been  published  as  far  back  as  189L 
Vol.  III.  therefore  practically  offers,  in  connection  with  Vol.  L, 
a  third  edition  of  this  section. 

The  Second  Edition  of  this  work  exceeds  the  first  in  extent  by 

one-half,  and  its  bulk  would  be  even  considerably  greater  if  I  had 

not  in  many  cases  referred  to  the  first  edition  for  the  detailed 

description  of  processes  now  obsolete.    As  it  is,  I  could  not  help 

describing  much  that  is  no  longer  in  practical  use,  together 
with  many  details  which  have  not  yet  stood  the  test  oE  practice, 

and  probably  never  will  do  so.  In  a  work  like  this  the  author 
cannot  avoid  either  the  former  or  the  latter  apparent  diffuseness, 
and  does  not  profess  to  do  so.  Those  who  work  in  this  field 
should  find  here  a  survey  of  the  entire  ground,  and  are  spared 
the  trouble  of  trying  to  hunt  up  for  themselves  all  the  materials 
published  in  various  languages.  At  all  events,  it  has  been  my 
endeavour  to  relieve  my  professional  brethren  of  this  laborious 
work,  if  not  entirely,  at  least  to  a  very  great  extent.  In  the 
preface  to  the  first  edition  of  Vol.  I.  (reprinted  in  the  second 
edition),  I  have  stated  the  limits  within  which  I  have  thought 
it  right  to  confine  my  efforts  in  this  direction. 

I  have  in  this  edition  entirely  omitted  the  estimates  for  erect- 
ing alkaU-works,  which  fill  pages  323  to  332  of  the  first  edition 
of  Vol.  III.,  although  for  these  I  have  received  many  expressions 
of  thanks.  But  I  had  to  take  into  consideration  that,  during 
the  twenty  years  since  I  have  ceased  to  be  a  practical  alkali 
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manufacturer^  many  changes  have  taken  place,  not  merely  in 
the  prices  of  materials  and  labour^  but  also  in  the  modes  of 
building  and  construction.  I  could  not  therefore  have  under- 
taken on  my  own  account  to  readjust  those  estimates  so  as  to 
render  them  really  useful  at  the  present  day,  and  I  did  not  care 
to  assume  the  responsibility  for  the  wprk  of  somebody  else,  which 
at  the  best  could  be  accurate  only  for  a  certain  locality. 

A  few  special  remarks  must  be  made  as  to  the  treatment 
adopted  in  the  new  chapter  on  Electrolysis.  Some  will  here  find 
more,  others  less  than  they  require.  Fault  will  perhaps  be  found 
with  my  giving  a  theoretical  introduction,  which  neither  does  nor 
is  intended  to  exhaust  the  subject.  But  I  believe  that  this 
theoretical  introduction,  which  is  written  in  a  ''popular'*  style, 
will  be  welcome  to  many  of  my  readers,  without  unduly  swelling 
the  bulk  of  the  work.  On  the  other  hand,  I  had  to  quote  a 
number  of  proposals  which,  with  a  few  exceptions,  in  all  proba* 
bility  have  no  future  before  them,  without  being  able  to  criticize 
them  properly.  This  task  is  at  present  still  too  difficulty  and 
mistakes  would  arise  here  even  far  more  frequently  than  with 
older  branches  of  industry.  Here,  where  everything  is  still  in  the 
rudimentary  state,  useful  criticism,  whether  rfavourable  or  hostile, 
is  best  founded  on  positive  or  negative  restdts,  if  such  can  be 
adduced.  I  had  hoped  to  notice  all  patent  specifications  of  any 
importance,  but  in  most  cases  I  could  do  so  only  in  a  condensed 
form.  Further  details  will  frequently  be  found  in  the  Journal 
of  the  Society  of  Chemical  Industry,  and  in  the  following 
German  publications : — Fischer's  '  Jahresberichte,'  and  Nernst 
and  Borcher's  '  Jahrbuch  fiir  Elektrochemie.' 

The  labour  devoted  to  the  First  Edition  of  this  book  has  been 
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amply  rewarded  by  my  receiving  numerous  proofs  of  its  being 
acknowledged  as  a  useful  and  faithful  guide  by  those  for  whom 
it  was  intended.  I  trust  I  shall  not  appear  too  presumptuous 
if  I  express  the  hope  that  the  Second  Edition  may  meet  with 
as  friendly  a  reception.  None  of  my  readers  can  know  better 
than  myself  that  this  work  is  very  far  indeed  from  perfection ; 
bat  every  fair-thinking  man  will  excuse  occasional  mistakes 
creeping  in  among  such  a  mass  of  matter.  I  shall  be  content 
if  only  those  who  can  say  that  they  have  learnt  nothing  of  any 
importance  from  it  will  pronounce  an  adverse  judgment  on  this 
book. 

THE  AUTHOR. 

Zuricb,  March  1896.  f 
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FIRST   BOOK. 


THE   AMMONIA-SODA   PROCESS. 


\  CHAPTER  I. 

HISTOBICAX  AND  GENEEAL. 

It  is  difficult  to  ascertain  who  was  the  first  to  produce  soil  a 
bv  means  oi  the  reaction  between  ammonium  bicarbonate  and 
sodium  chloride.  A.  Vogel  (Chem.  Centralbl.  1874,  p.  98)  says 
that  he  found  a  reference  to  that  reaction  in  his  father^s  notes, 
dating  from  1822;  but  it  evidently  was  quite  useless  there,  both 
to  himself  and  the  world  in  general.  Very  likely  somebody  will 
bring  to  light  a  notice  of  that  reaction  written  at  an  earlier  date"^. 
Hundreds^  nay  thousands,  of  reactions  are  made,  the  ultimate 
bearing  of  which  is  not  recognized  by  those  who  observed  them. 
If  the  observer  does  not  think  it  worth  while  either  to  publish  bis 
observation  or  to  follow  it  up  on  a  larger  scale,  it  is  lost  to  man- 
kind, and  no  merit  can  be  claimed  for  him  by  posterity. 

We  must  attribute  rather  more  value  to  the  claims  made 
for  John  Thom,  chemist  at  Messrs.  Turnbull  and  Ramsay^s,  at 
Camlachie  (Scotland),  as  stated  by  Mond  (Journ.  Soc.  Chem. 
Ind.  1885,  p.  528).  It  has  been  proved  that  John  Thom,  as 
early  as  1836,  mixed  ammonium  bicarbonate  with  common  salt 
and  a  little  water,  pressed  the  magma  formed  in  bags,  and  made 
crystal  soda  from  the  solid  bicarbonate  remaining  behind;  from 
the  mother  liquor  he  made  ammonium  bicarbonate  by  evaporating, 
mixing  with  chalk,  and  heating  in  a  retort.     We  are  told  that  he 

*  We  cannot  acknowledge  this  to  have  been  done  by  Lucion,  Chem.  Zeit. 
1889,  p.  627,  who  founds  a  claim  for  Fresnel,  based  on  some  entirely  indistinct 
sllosionB  in  a  private  letter  written  in  1811. 
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manufactured  2  cwt.  of  soda  crystal  per  day  in  this  manner  (but, 
as  we  see  from  the  same  Journal^  1887,  p.  699,  only  by  mixing 
his  product  with  Leblanc  soda),  but  he  did  so  only  during  a 
twelvemonth.  He  then  left  the  above  works,  where  he  enjoyed 
a  yearly  salary  of  £30,  and  did  not  pursue  the  process  further. 
Evidently  he  was  unaware  that  he  had  found  a  practicable  or 
valuable  process,  for  he  did  not  think  it  worth  while  to  patent 
it,  or  to  take  care  that  it  should  become  known  and  the  inventor's 
merit  attributed  to  him.  His  work  therefore  remained  fruitless, 
and  cannot  in  the  least  diminish  the  merit  of  the  two  inventors 
mentioned  below,  who  carried  on  their  investigations  without 
being  aware  of  Thom's  labours. 

These  two  are  H.  O.  Dyar  and  J.  Hemming,  chemists,  residing 
in  London,  who  on  June  30th,  1838,  took  out  an  English  patent, 
distinctly  setting  forth  the  simple  reaction: 

NaCl+NH4 .  H .  C0,=NH4Cl+NaHC0„ 

and  describing  technical  means  for  carrying  it  out  on  a  large 
scale.  Only  then  did  the  world  obtain  a  knowledge  of  that  process^ 
which  has  indeed  not  made  much  chemical  progress  since.  These 
investigators  cannot  be  deprived  of  the  honour  of  having  been 
the  real  inventors  of  the  ammonia-soda  process  as  a  manufac- 
turing operation. 

Dyar  and  Hemming  mixed  a  saturated  solution  of  common  salt 
with  an  amount  of  powdered  commercial  ammonium  carbonate 
equal  in  weight  to  the  salt.  The  ammonium  salt  being  only  sesqui- 
carbonate  (mixed  with  ammonium  carbonate),  they  rightly  remark 
that  bicarbonate  would  be  preferable.  The  decomposition  takes 
place  according  to  the  above  equation ;  and  the  solution  formed  is 
separated  from  the  precipitated  salt.  The  latter  is  chiefly  sodium 
bicarbonate,  mixed  with  a  little  ammonium  carbonate,  which  is 
driven  ofE  by  heating  to  375^  C,  along  with  any  ammonium 
chloride  present  and  half  the  CO9  of  the  NaHCOa :  all  this  is 
condensed  in  a  lead  chamber;  and  very  pure  soda  remains  behind. 
On  the  other  hand,  the  solution  contains  chiefly  anmionium 
chloride  with  a  little  sodium  carbonate,  sodium  chloride,  and 
ammonium  carbonate.  The  latter  is  expelled  by  boiling  and 
condensed  in  the  lead  chamber;  the  solution  is  boiled  down  to 
dryness,  and  the  residue  heated  with  calcium  carbonate,  whereby 
the  ammonium  chloride  is  transformed  into  carbonate,  which  is 


HISTORICAL  AND  GENERAL*  8 

ooliTeyed  into  tbe  said  lead  chamber.  The  contents  of  the  latter 
are  used  over  again  for  converting  common  salt  into  soda;  so  that 
nothing  but  limestone  is  used  up.  (This  process^  as  described^ 
oould  not  have  been  carried  out  without  considerable  loss  of 
ammonia.) 

A  little  later  we  find  a  French  patent  by  Delaunay  (March  27th, 
1839),  which,  according  to  Mond,  is  a  literal  translation  of  the 
just  mentioned  patent  of  Dyar  and  Hemming^  proving  Delaunay 
to  have  been  merely  an  agent.  Hence  the  certificate  of  addition, 
taken  out  by  Delaunay  on  May  18th^  1840^  must  have  also  pro- 
ceeded  from  Dyar  and  Hemming^  although  they  did  not  take  out 
a  corresponding  English  patent,  probably  on  account  of  the 
expense.  This  additional  patent,  quoted  by  Moud  in  extemo,  is 
extremely  interesting^  since  it  contains  every  important  principle 
of  the  present  ammonia-soda  manufacture,  and  we  will  therefore 
quote  some  details  from  it. 

Preparation  of  the  Carbonate  of  Soda. — ^To  a  concentrated  solu- 
tion of  sodium  chloride  is  added  an  equivalent  proportion  of 
ammonium  sesquicarbonate.  A  current  of  carbonic  acid  is  passed 
thiough  the  mixture  to  saturate  the  ammonia  and  to  make  the 
decomposition  as  perfect  as  possible.  The  saline  deposit  is 
collected  in  filters,  drained,  and  washed  either  with  water  or  with 
a  concentrated  solution  of  sodium  bicarbonate.  It  is  then  sub- 
mitted to  pressing,  or  is  put  at  once  into  a  furnace  or  retort  to 
drive  off  the  water,  the  excess  of  carbonic  acid,  and  the  ammoniacal 
salts  it  may  contain. 

Recovery  of  the  Ammonia. — ^The  liquid  running  from  the  filter 
is  put  into  a  distilling  vessel;  a  sufficient  quantity  of  lime  is 
added  to  decompose  all  the  ammoniacal  salts,  heat  is  applied,  and 
thus  ammoniacal  gas  is  obtained,  which  is  simply  dissolved  in 
water,  or  passed  into  a  concentrated  solution  of  sodium  chloride. 
In  the  former  case  a  sufficient  quantity  of  sodium  chloide  is 
added,  relative  to  the  alkalimetrical  value  of  the  liquor;  carbonic 
acid  is  then  passed  through  to  decompose  the  sodium  chloride. 
If  the  ammonia  gas  is  collected  in  a  solution  of  sodium  chloride, 
carbonic  acid  is  passed  through  at  the  same  time  or  subsequently. 
In  this  operation  the  ammonia  must  be  regarded  as  an  inter- 
mediate agent,  which  takes  hold  of  the  carbonic  acid  to  give  it  off 
again  to  the  sodium  chloride ;  and  to  make  this  process  economical 
t^  principal  object  should  be  the  preservation  of  the  ammonia. 

b2 
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The  carbonic  acid  required  can  be  economically  procured  by  the 
combustion  of  coals  or  by  the  calcination  of  limestone. 

Many  new  proposals^  even  such  as  are  ultimately  crowned 
with  success^  remain  a  long  time  only  on  paper;  but  it  was 
different  with  Dyar  and  Hemming^s  process.  They  themselves  at 
once  erected  a  small  experimental  works  at  Whitechapel,  to  which 
Dr.  Sheridan  Muspratt  and  Mr.  James  Youngs  of  paraffin  fame, 
paid  several  visits.  The  latter  in  1840  built  a  somewhat  large 
works  for  Mr.  James  Muspratt  at  Merton;  but  after  two  years 
this  was  abandoned,  on  account  of  excessive  loss  of  ammonia,  after 
expending  £8000  over  it.  About  the  same  time  experimental 
works  were  erected  by  Kiinheim  at  Berlin,  Seybel  near  Vienna, 
and  Bowker  near  Leeds ;  none  of  them  existed  for  any  length  of 
time,  but  the  last  at  least  put  its  alkali  into  the  market  for  several 
years.  In  1840  (April  1st)  Canning  took  out  a  French  patent 
(through  Delaunay)  for  the  introduction  of  carbonic  acid;  and 
this  was  done  in  England  by  Waterton  on  August  27th,  1840 
(No.  8608).  Somewhat  later  came  the  patent  of  Grinus,  of 
Marseilles  (February  14th,  1852),  who  prescribes  cooling  the 
liquors  by  a  refrigeration  machine,  and  using  over  again  the  CO^ 
given  off  in  calcination.  Chisholm  prescribes  distilling  muriate 
of  ammonia,  from  the  purification  of  gas,  with  chalk  or  lime,  and 
passing  the  gas  (in  the  second  case  together  with  CO^)  into  a 
solution  of  common  salt  (No.  443,  1852). 

From  that  time  onwards  inventors  in  that  line  principally 
aimed  at  the  construction  of  more  perfect  mechanical  plant  for 
mixing  the  gases  and  liquors  and  for  more  thoroughly  preventing 
any  loss  of  ammonia.  Gossage^s  patent  of  1854  (No.  422)  will 
be  referred  to  later  on.  He  was  followed  by  Turck  (French  pat.. 
May  26th,  1854,  January  29th,  and  December  13th,  1855) :  his 
process  is  stated  to  have  been  unsuccessfully  tried  by  Nickles, 
from  1865  to  1867.  Then  come  the  English  patents  of  Schlosing 
(No.  1425,  1854)  and  H.  Deacon  (by  the  agent  Johnson,  No. 
1504,  1854).  The  latter  in  1854  joined  with  Holbrook  Gaskell 
in  erecting  an  ammouia-soda  works  at  Widnes,  which  was  carried 
on  for  about  two  years;  after  spending  ovQr  it  £5000  or  £6000, 
it  was  reconstructed  into  the  Leblanc  alkali  works,  which  has 
become  so  famous.  The  apparatus  used  there  is  said  to  have 
resembled  those  of  Schlosing  and  RoUand,  except  that  the  car- 
bonic acid  was  intix>duced  under  pressure.     Pure  carbonic  acid 
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was  to  be  prepared  by  passing  fuel  gases  under  pressure  into  a 
aolution  of  potash  or  soda,  and  decomposing  the  bicarbonate 
fonned  by  heating.  (This  part  of  the  process  has  become  better 
known  by  the  much  later  patent  of  Ozouf^  No.  1498^  1864.) 

In  1855  (No.  418),  Bellford  patents  a  communication,  the  only 
^  no? elty  "  of  which  consists  in  obtaining  from  the  impure  bicar- 
bonate pure  soda  by  mixing  it  with  water  and  submitting  it  to 
preasuiei  in  case  of  need  repeatedly ;  the  solution  was  to  be  dis- 
tilled, the  ammonia  condensed  and  submitted  in  a  coke-tower  to 
the  action  of  carbonic  acid  from  a  lime-kilm. 

Under  No.  1963,  1855,  Gossage  patents  the  manufacture  of 
ammonium  bicarbonate  by  distilling  the  solution  of  sesqui-  or 
noDocarbonate,  and  the  employment  of  the  product  of  distillation, 
either  in  the  state  of  vapour  or  after  condensation}  for  decomposing 
eommon  salt. 

In  1857  (No.  2616),  Bell  patents  the  introduction  of  the  gases 
from  the  dry  distillation  of  leather  or  bones,  after  separating  the 
tar,  into  solutions  of  salt  for  precipitating  sodium  bicarbonate. 
The  novelty  was  to  consist  in  the  direct  utilization  of  the  distilla- 
tion-gases; but  this  would  hardly  be  practicable,  on  account  of 
their  impurities. 

Scfalosing's  before-mentioned  patent  had  essentially  the  follow- 
ing purpose.  In  horizontal  cylinders,  provided  with  an  agitator, 
a  solution  of  common  salt  is  saturated  with  CO2  and  NH3,  and 
the  unabsorbed  NH3  retained  in  coke-towers  by  a  mixture  of 
CaCl^  and  HCl;  the  NaHCOg  was  to  be  dried  in  a  centrifugal 
Kiacbine,  washed  with  a  solution  of  pure  sodium  bicarbonate,  and 
heated  in  a  horizontal  iron  retort,  in  which  an  Archimedean 
screw  slowly  moved  it  along  from  the  entrance  end  to  the  exit 
end.  The  escaping  CO3  was  to  be  utilized  for  the  next  operation; 
and  the  CO^  further  required  was  to  be  furnished  by  a  lime-kiln 
vhich  at  the  same  time  heated  the  retort.  With  100  parts  of 
vater  30  to  33  parts  of  common  salt,  8^  to  10  parts  of  NHs  gas, 
and  an  exbtss  of  CO^  were  to  be  employed. 

In  1885  Schlosing,  together  with  Holland,  erected  a  small 
works  at  Pnteaux  near  Paris,  were  they  made  86  tons  soda-ash 
in  the  first  year  and  230  tons  in  the  second  year;  that  factory, 
which  of  course  could  only  be  looked  upon  as  an  experimental 
works,  was  stopped  in  1857.  Soon  after  Schlosing  and  Bollaod 
took  out  another  English  patent  (No.  644,  1858),  chiefly  in  order 
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to  make  tbe  process  perfectly  continuous.  In  the  same  apparatus^ 
whilst  a  certain  quantity  of  salt  was  converted  into  bicarbonate 
and  removed  from  the  vessel^  a  corresponding  quantity  of  fresh 
NaCl  was  to  be  introduced,  and  the  corresponding  quantity  of  NH^ 
recovered  from  the  filtering  liquor  and  admitted  into  the  brine ; 
lastly^  by  calcining  the  bicarbonate  and  barning  limestone  the 
requisite  quantity  of  COj  was  to  be  obtained.  They  described 
their  process  at  length  in  the  Ann.  Chim.  Phys.  [4]  xiv.  p.  6 
(1868).  Their  apparatus  consists  of  four  or  more  horizontal 
cylinders^  communicating  with  each  other.  Into  one  of  these  a 
solution  of  30  parts  NaCl  in  100  water  enters,  circulates  through 
all  four  cylinders^  and  runs  out  of  the  last  one.  To  this  solution 
22  parts  of  ammonia,  either  in  the  gaseous  state  or  dissolved  in 
water^  are  admitted  in  the  second  cylinder.  On  travelling  further 
the  liquor  is  brought  into  contact  first  with  lime-kiln  gases^  and 
at  last  with  the  COs  obtained  by  heating  the  bicarbonate  and  the 
liquid  filtered  from  it.  Within  the  cylinder  are  placed  a  kind  of 
paddle-wheels  for  distributing  the  liquid  and  facilitating  the 
absorption;  the  cylinders  are  cooled  on  the  outside  by  water. 
The  gases  are  aspirated  in  the  direction  opposite  to  the  flow  of  the 
liquid  by  a  fan-blast,  which  at  the  same  time  causes  a  partial 
vacuum  and  prevents  the  escape  of  ammonia  out  of  the  joints. 
In  order  to  retain  the  ammonia  gas  which  escapes  absorption  (of 
which  a  portion  remains  already  in  the  first  cylinder,  filled  with 
pure  NaCl  solution),  the  exit  gases  are  passed  through  a  coke- 
tower  fed  with  water ;  and  this  is  afterwards  employed  for  dis- 
solving salt.  From  the  last  cylinder  the  solution  of  NH^Cl  runs 
away  along  with  the  precipitated  NaHCOg ;  these  are  separated 
by  a  centrifugal  machine  and  washed  with  a  little  water  (in  which 
1 J  per  cent,  is  lost  by  redissolving).  The  bicarbonate  is  dried  and 
ignited  in  the  above-mentioned  cylindrical  retort  with  Archimedean 
screw,  and  the  COj  gas  drawn  oflF  by  an  aspirator.  The  liquid 
separated  from  the  bicarbonate  is  heated  by  steam  to  60°  or  70P  C, 
to  expel  the  COj,  and  then  to  100°  C.  to  expel  the  ammonia.  It 
is  next  heated  with  milk  of  lime  in  a  horizontal  cylinder  provided 
with  an  agitator;  thus  NH3  is  liberated,  which  is  deprived  of 
water  by  cooling  and  re-introduced  into  the  converting-apparatus. 
Prom  167  parts  NaCl  100  only  Na^COs  are  obtained,  instead  of 
151  indicated  by  theory.  For  making  100  kilog.  of  anhydrous 
soda  the  following  quantities  are  stated  to  have  been  required : — 
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Idlog. 

167-0  NaQ  =:  180  kilog.  crude  salt  or  5*57  hectolitres  of 
saturated  brine; 

68-5  CaO  =s  122  kilog.  limestone,  s  135  kilog,  with  10  per 
cent,  moisture. 

32*0  NHti  of  which  at  most  1  kilog.  was  lost. 
128*3  coals  for  distilling  and  steam ; 

72*0  coke  for  the  lime-kiln  and  for  heating  bicarbonate. 
To  this  must  be  added  frs.  1-40  for  labour,  and  frs.  8*7  to  9*67 
for  general  expenses,  inclusive  of  6  per  cent,  interest,  according 
to  the  sixe  of  the  works.  This  cost  price,  according  to  an  estimate 
made  by  Scheurer-Kestner  (Bull.  Soc.  Chim.  xlv.  p.  307),  would 
litTe  amounted  to  21  frs.  per  100  kilog.  when  employing  common 
salt,  or  20  frs.  when  employing  brine.  Since  at  that  period, 
socording  to  Mond  (in  the  paper  quoted  on  p.  1),  the  selling-price 
of  soda^ash  in  France  was  65  or  70  frs.,  and  the  salt-tax  only 
amounted  to  10  frs.  for  100  kilog.  salt  or  18  frs.  for  100  kilog, 
loda-ash,  there  must  have  been  an  enormous  margin  for  profit; 
and  there  is  absolutely  nothing  to  justify  the  statement  made  by 
the  inventors  in  their  above  quoted  paper  in  1868,  that  they  had 
been  compelled  to  give  up  the  manufacture  on  account  of  ''  fiscal 
diflScolties,^'  considering  that  they  had  to  pay  the  salt-tax  on  180 
kilog.,  for  each  150  kilog.  used  by  the  Leblanc  alkali-makers. 
This  would  only  amount  to  3  frs.  per  100  kilog.  alkali,  which  was 
act  worth  speaking  of  in  the  face  of  that  alleged  low  cost-price. 
This  lias  been  pointed  out  by  Solvay  in  1878,  and  by  Mond  in 
1885  {loc,  cii.) ;  nor  has  Scheurer-Kestner,  in  his  above-quoted 
paper,  explained  this  contradiction.  It  is  therefore  incredible  that 
Schlofiiog  and  RoUand  worked  as  cheaply  as  they  alleged  in  1868 ; 
for  in  that  case  they  must  have  found  ample  capital  for  a  manufac* 
tare  realizing  such  an  enormous  profit.  Undoubtedly  they  wasted 
much  more  ammonia  than  they  confess  to;  and  probably  their 
mechanical  arrangements  did  not  turn  out  to  be  practicable  either. 
The  latter  point  is  made  evident  by  the  fact  that  the  same 
inventors  took  out  the  above-mentioned  new  patent,  which  em- 
bodies moat  indsive  alterations  of  plant,  and  that  in  1858,  a  year 
^ter  doeing  their  works.  They  daim  to  have  been  the  first  to 
have  introduced  a  continuous  system  of  working ;  but  supposing 
this  to  be  correct,  it  was  only  done  on  paper.  If  they  had  as 
mach  as  tried  to  carry  it  out  in  practice,  it  would  undoubtedly 
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have  been  mentioned  by  Scheurer-Kestner,  the  avowed  object  of 
whose  paper  is  to  point  out  the  merit  of  his  compatriots  as  com- 
pared with  those  of  the  English  inventors.  Evidently  the  patent 
of  1858  has  never  emerged  into  practice;  nor  can  any  particular 
merit  be  claimed  for  publishing  it  later  on  in  1868^  when  it 
had  lapsed  for  a  long  time — certainly  none  which  justifies  the 
special  honours  which  have  been  claimed  for  these  two  men  in 
comparison  with  many  others  who  have  achieved  quite  as  much 
in  the  same  line.  Only  the  pre-eminent  respect  justly  paid  to 
Schlosing  as  a  savant,  and  the  energetic  claims  made  for  his 
process  by  his  pupils  and  friends^  have  caused  his  process  to 
be  represented  as  a  very  important  stage  in  the  history  of  that 
industry^  a  representation  not  borne  out  by  the  facts.  Mond 
justly  points  out  that  Schlosing  and  RoUand's  experiments  were 
no  more  successful  than  those  of  their  predecessors — ^that  they 
were  not  carried  out  on  any  larger  scale^  nor  persevered  with  for 
a  longer  period. 

In  1858  Heeren  (Dingl.  Joum.  cxlix.  p.  47)  made  an  experi- 
mental research  on  the  ammoniacal  soda  process.  At  the  outset 
he  makes  the  curious  proposal  to  obtain  pure  CO^  from  limestone 
and  muriatic  acid ;  but  where  is  the  latter  to  come  from,  if  the 
soda  is  to  be  made  by  the  ammonia  process  ?  He  further  pro- 
poses purifying  the  brine  from  magnesia  and  lime  by  soda^  filtering 
and  saturating  the  clear  liquor  with  NH3  gas^  viz.  44  parts  NHj 
to  100  NaCl|  by  which  only  §  of  the  latter  is  decomposed;  so 
that  from  100  NaCl  only  105,  instead  of  158,  NaHCOs  is  formed. 
If  only  one  equivalent  of  NHs  to  two  NaCl  is  employed,  the 
decomposition  proceeds  up  to  ^  of  the  ammonia  salt,  the  excess 
of  salt  being  lost ;  but  this  is  better  than  the  opposite  way,  in 
which  much  NHg  would  be  lost.  Now  CO^  is  passed  into  the 
liquid,  which  is  very  slowly  absorbed  unless  assisted  by  pressure^ 
The  separation  of  the  solution  of  NH4CI  from  the  precipitate  of 
NaHCOs  takes  place  as  usual.  The  solution  is  distilled  with  lime^ 
and  the  NH3  condensed  in  brine,  if  fresh  salt  can  be  dissolved  at 
the  same  time;  if  only  brine  is  at  disposal,  the  NHg  gas  must  be 
deprived  of  water  by  cooling.  If  the  ammonia  is  to  be  obtained 
as  carbonate^  the  solution  of  NH^Ci  is  boiled  down  to  drynessi 
mixed  with  twice  its  weight  of  chalk  and  damp  clay  (the  latter  in 
order  to  remove  the  fused  CaClj  more  easily  from  the  vessel),  and 
heated  to  a  low  red  heat  in  iron  retorts.     According  to  Heeren's 
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calcnlation^  1  cwt.  of  this  sodar-asli  would  cost  12s.  8d.,  without 
oountiag  general  expenses  and  muriatic  acid ;  with  these  it  would 
ooBt  16«.  6  J.  The  bicarbonate  would  cost  14».  6d.  without^  or  ISs. 
per  cwt.  with  HCl ;  this  price  is  higher^  because  the  manufacture 
must  be  conducted  on  a  smaller  scale. 

To  Heeren  is  due  the  merit  of  having  for  the  first  time  made  a 
scientific  investigation  of  the  reactions  of  the  ammonia-soda 
process.  We  cannot  blame  him^  looking  at  the  time  he  wrote^ 
for  the  insufficiency  of  his  practical  proposals. 

The  further  history  of  the  ammonia-soda  manufacture  is  un- 
doubtedly connected  from  the  very  first  with  the  name  of  Solvay. 
Ernest  Solvay  (whose  brother  Alfred  also  deserves  great  credit 
for  developing  the  process,  but  chiefly  in  the  business  line)  seems 
to  have  conceived  the  first  idea  of  his  process  as  early  as  1861. 
According  to  his  statement  (as  quoted^  e.  g.,  by  Scheurer-Kestner^ 
fee.  cU.),  he  took  out  a  patent  on  April  15th^  1861,  but  probably 
only  in  his  own  country^  Belgium.  The  first  English  patent  dates 
December  11th,  1863  (No.  8131);  his  first  French  patent 
Novemljer  19th,  1863  (No.  60920) ;  nor  is  any  earlier  patent 
referred  to  in  these  or  later  patents  of  his.  The  first  factory 
working  according  to  his  process  was  erected  in  1863,  at  Saint- Josse- 
ten-Node,  near  Brussels,  a  larger  one  at  Couillet,  near  Charleroi, 
ID  1865.  I  have  it  from  Solvay  himself  that  he  was  originally 
under  the  impression  that  he  had  been  the  first  to  discover  the 
reaction  of  the  ammonia-soda  process,  and  that  ct  fortiori  he  was 
ignorant  of  the  number  of  experiments  made  with  it  in  various 
oonntries,  all  of  them  unsuccessful  and  connected  with  heavy 
losses.  Had  he  known  this,  he  would  certainly  not  have  had  the 
courage  to  devote  himself  to  the  task,  and  that  with  all  energy, 
at  the  risk  of  losing  all  his  fortune  and  drawing  upon  that  of  his 
relatives.  It  required  not  merely  ordinary  energy  and  pre-eminent 
mechanical  skill,  such  as  Solvay  certainly  possessed,  but  an  almost 
fimatical  belief  in  the  enormous  value  of  his  inventions,  to  battle 
with  many  years^  failures  and  heavy  losses,  till  his  conception  had 
ripened  to  its  splendid  realization.  Already  in  1867  he  exhibited 
his  soda  in  Paris,  but  he  received  only  a  bronze  medal,  and  that 
rightly,  for  his  process  was  then  still  far  from  having  proved  its 
permanent  vitality,  and  the  Jury  could  certainly  not  appraise  him 
any  higher  than  many  of  his  predecessors,  whose  factories  had 
been  in  operation  for  several  years. 
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During  the  next  few  years  Ernest  Solyay^  with  the  co-operation 
of  his  brother  Alfred  and  of  M.  Hanr^,  greatly  improved  the 
apparatus,  and  in  1872  he  was  in  a  position  to  lay  out  a  factory, 
on  a  scale  which  may  be  looked  upon  as  colossal  for  that  period,  at 
Varangeville,  near  Nancy.  This  factory  started  working  in  1878, 
and  convinced  the  world  that  there  was  no  more  doubt  of  a  perfect 
success.  The  new  forms  of  his  apparatus  are  described  in  the 
English  patent,  No.  1525, 1872;  many  improvements  are  found  in 
No8. 999, 1904,  2143,  all  of  1876,  and  in  many  subsequent  patents, 
to  be  mentioned  in  the  following  chapters. 

We  must  point  out  here  that  most  apparatus  patented  by 
Solvay  are  very  ingeniously  planned,  but  too  complicated ;  some 
have  never  been  in  actual  use,  and  others  have  been  replaced  by 
much  simpler  arrangements,  employed  by  other  manufacturers 
before  him  or  at  the  same  time  with  him,  as  we  shall  see  later 
on.  Among  Solvay^s  original  ideas,  that  of  the  carbonating- 
tower  seems  to  be  the  only  one  which  is  still  employed,  and  that 
in  an  essentially  modified  shape.  This  invention,  the  one  which 
is  most  intimately  connected  with  his  name,  and  which  is  applied 
at  all  the  numerous  works  belonging  to  the  Syndicate  bearing 
Solvay's  name*  may  have  been  conceived  somewhat  earlier;  but 
only  those  improvements  which  had  been  patented  in  1872  made 
the  process  successful,  to  such  an  extent  that  Solvay  received  in 
1873  the  diploma  of  honour  at  the  Vienna  Exhibition,  and  only 
then  the  conviction  became  general  that  the  Leblanc  process 
had  met  with  a  powerful  or  even  a  victorious  rival.  I  will  there- 
fore conclude  my  historical  sketch  at  this  point,  and  leave  all 
later  inventions  (together  with  some  previous  ones)  to  be  noticed 
when  describing  the  single  operations. 

It  follows  from  the  above  remarks  that  Solvay^s  inventions, 
ingenious  as  they  are,  do  not  represent  the  only  solution  of  the 
problem  in  question;  on  the  contrary,  there  exist  a  number  of 
ammonia-soda  works,  carried  on  successfully  and  profitably,  with 
apparatus  differing  totally  from  Solvay^s,  and  preferred  by  their 
owners  to  his,  although  the  patents  are  now  lapsed.  How  far 
this  preference  is  justified  we  cannot  decide,  more  particularly 
as  very  few  manufactures  are  surrounded  with  greater  secrecy 
than  the  ammonia-soda ;  but  the  contrary  cannot  be  concluded 
from  the  enormous  financial  success  of  the  Solvay  Companies,  for 
which  other  than  merely  technical  factors  must  have  co-operated. 
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It  may  be  of  interest  to  mention  that  in  1872  Solvay's  daily 
make  iras  10  tons  of  soda  with  two  ''  units/'  The  English  works 
of  Messrs.  Brunner^  Mond^  &  Co.  was  at  once  laid  out  with  20  ton 
units,  and  later  on  they  got  up  to  60  ton  units  (Mond,  Journ.  Soc. 
Chenu  Ind.  1885,  p.  527). 

Theory  of  the  Ammonia^Soda  Process. 

Comparing  this  theory  with  the  many  divergent  opinions  re- 
lating to  the  true  theory  of  the  Leblanc  process,  that  of  the 
ammonia-soda  process  appears  to  be  very  simple  indeed.  It  can 
be  expressed  in  one  of  the  two  following  formulse,  which  have 
practically  the  same  meaning : 

(«)  NaCl+NHj+CO,  +  H,0=NaHC08+NH4Cl; 
(A)  NaCl+NH^ .  H  .  CO,       =:NaH  .  COs+NH^Cl. 

The  form  (a)  corresponds  best  with  the  method  followed  by 
Solvay  and  most  other  inventors ;  form  {b)  with  Schlosing's  new 
process.  In  reality,  however,  the  matter  is  not  so  simple  as  it  looks. 
Even  a  thermochemical  consideration  of  the  reaction  shows  that 
the  tendency  for  carrying  it  out  cannot  be  a  strong  one.  If  in 
equation  (b)  we  introduce  the  heat  of  formation  of  all  the  four 
salts  concerned  from  their  elements,  we  find  : — 

(Na,Cl)  +  (N,H4,H,C,0»)  =  (Na,H,CA)  +  (N,H4,C1) 
96-2    +     205  6  227  0        +     727 

801-8  299-7 

That  is  to  say: — ^The  heats  of  formation  are  almost  identical  for 
both  sides,  and,  as  they  stand  here,  that  of  the  newly  formed 
bodies  is  even  slightly  below  that  of  the  original  substances.  We 
must,  however,  consider  that  generally  the  accuracy  of  thermo- 
chemical data  is  not  sufficient  to  justify  any  conclusions  to  be 
drawn  from  such  a  slight  difference,  and  that,  moreover,  those 
data  may  vary  with  the  temperature  to  such  an  extent  that  a  small 
deficiency  may  be  converted  into  a  small  surplus. 

All  things  considered,  the  thermochemical  data,  as  well  as  all 
known  facts,  prove  that  we  have  to  deal  with  a  reversible  reaction^ 
to  be  formulated  thus : — 

Naa+NH^.H.COa  5Z±:  NaHCOg+NH^CT. 

This  reaction  depends  upon  two  conditions,  connected  with  each 
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other,  whether  it  will  run  in  the  direction  of  one  or  the  other  of  the 
two  arrows.  The  first  is  the  action  of  mass,  that  is  the  excess 
of  one  or  the  other  of  the  reagents :  the  other  is  the  question^ 
which  of  the  four  possible  salts  will  be  removed  from  the  sphere 
of  action,  either  in  the  solid  or  in  the  gaseous  state,  under  the 
circumstances  of  the  case.  Whatever  is  thus  removed  from 
solution  is  therefore  withdrawn  from  further  reaction  in  the 
inverse  sense,  which  tends  to  direct  the  remaining  substances  to 
a  further  formation  of  the  same  body,  by  the  action  of  mass. 

In  the  present  case,  that  condition  which  in  the  first  instance 
directs  the  reaction  in  one  or  the  opposite  way  is  the  temperature. 
At  a  low  temperature  the  tendency  is  greatest  for  the  reaction  to 
run  with  the  arrow  »-»-,  since  it  is  favoured  by  the  precipitation 
of  difficultly  soluble  sodium  bicarbonate.  But  at  a  higher  tem- 
perature, or  else  under  circumstances  favouring  the  action  of 
evaporation  even  at  lower  temperatures,  the  reaction  must  run  in 
the  opposite  direction  -•— ",  since  the  only  volatile  salt  among  the 
four  in  question  is  ammonium  bicarbonate :  it  does  not  concern 
us  here  that  this  substance  does  not  evaporate  as  such,  but  at  once 
dissociates  into  NH3,  COa,  and  H^O. 

We  must,  however,  abstain  from  the  conclusion  that  the 
temperature  for  directing  the  reaction  in  the  sense  ■•^-*  should  be 
as  low  as  possible.  At  too  low  a  temperature  not  merely  sodium 
bicarbonate,  but  all  the  other  three  salts  would  partly  separate  out 
in  the  solid  state,  and  this  soon  puts  a  limit  to  the  practically  possible 
lowering  of  the  temperature.  In  fact,  it  is  not  possible  under  any 
circumstances  to  cause  the  whole  of  the  sodium  bicarbonate  to 
crystallize  free  from  the  other  bodies ;  and  the  reaction  m^-^  would 
be  much  too  incomplete  from  the  outset  if  tiie  two  reagents  NaCl 
and  NH4 .  H  .CO3  were  to  be  employed  exactly  in  molecular  propor- 
tions. Nothing  remains  but  to  promote  reaction  »-^  by  the  action 
of  mass,  which  in  practice  is  simply  efibcted  by  leaving  a  con- 
siderable portion  of  NaCl  undecomposed. 

We  have  already  seen  that  Heeren  and  Schlosing  found  that 
the  conversion  of  NaCl  into  NaHCOj  stops  at  §  or  J  of  the  whole. 
In  one  of  his  earlier  patents  Solvay  maintained  that  he  decom- 
posed the  salt  almost  completely,  but  he  must  have  recognized  this 
very  soon  to  be  erroneous.  Al.  Bauer  (Deutsche  chem.  Ges.  Ber. 
vii.  p.  272}  shows  that  this  imcompleteness  of  the  decomposition 
is  not  merely  due  to  the  solubility  of  sodium  bicarbonate,  as  was 
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preYionsly  supposed,  but  to  the  fact  that  the  carbonates  of  sodium 
may  mutually  decompose  with  ammonium  chloride  into  ammonium 
carbonate  and  sodium  chloride^  and  that  under  very  varying  cir- 
comstances : — e.  g,  on  the  spontaneous  evaporation  of  a  solution 
of  NaHCOs  and  NH4CI  at  from  8°  to  15°  C. ;  also  on  their 
spontaneous  evaporation  in  a  current  of  CO^ ;  and  also  with  not 
fully  concentrated  solutionis,  saturated  with  COji  when  exposed 
to  a  temperature  of —15°  C.  The  reaction  then  takes  place  in 
the  sense  «•--«  (p.  11)^  and  this  is  completed  at  a  higher  tem- 
perature. 

Giinsberg  (tA.  vii.  p.  64't)  noticed  the  same  inversion  of  the 
reactions  of  the  ammoniacal  soda-process  in  all  his  experiments ; 
he  takes  it  as  a  matter  of  course^  considering  the  volatility  of 
ammonium  carbonate  and  the  solubility  at  different  temperatures 
of  the  salts  in  question.  That  portion  of  NaHCOs  which  remains 
dissolved  in  the  NH4CI  solution  will  be  always  lost ;  and  care  will 
have  to  be  taken  that  from  the  very  first  a  saturated  solution  of 
NH4CI  is  obtained  which  at  a  certain  pressure  contains  the  mini- 
mum quantity  of  sodium  compounds.  He  found  that  at  ordinary 
temperature  and  pressure  100  parts  of  a  NH4CI  solution,  saturated 
at  17^  C,  contain  dissolved  25*89  parts  NH4CI  and  5*742  parts 
KaHCOj.  This  will  be  the  case  when  at  the  ordinary  temperature 
58'5  parts  of  NaCl  are  treated  with  180  parts  of  a  liquor  contain- 
ing 10-396  per  cent.  NHj. 

According  to  Honigmann's  experiments  (quoted  by  Landolt  in 
Hofmann's  Vienna  Exhibition  Report,  1875,  i.  p.  452)  : — 

I.  A  solution  containing  per  litre 

265  grams  NaCl  ( = 104  grams  Na)  and 
77      „      NH3    (^leq.NaClrleq.NHa), 

after  being  saturated  with  COs  at  15°  C.  under  ordinary  pressure, 
yielded : — 

(a)  a  precipitate  consisting  of 

251  grams      NaHC08(=69  grams  Na)  and 
33    „     (NH4)HC0»   (=7     „    NH3); 

\ft)  a  solution  containing 

35  grams  Na  as  NaCl  or  NaHCOj,  and 
70      „  NH,  „  NH4Cland  (NHJHCOs. 
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II.  On  passing  COs  into  a  solution  containing  per  litre  831  grams 
NaCl  (=180  Na)  and  70-8  NHj  (=4  NaCl:8NH8)  there  were 
obtained : — 

(a)  a  precipitate  of 

286-2  grams  NaHCO,     (=  78  Na)  and 
15        „     (NH4)HCO,(=8-2NH,); 

(b)  a  solution  of 

52    grams  Na  as  NaCl  or  NaHCOj  and 
67-5    „    NHs^  NH4Cland(NH4)HCOs. 

Accordinc^ly,  there  have  been  converted  into  bicarbonate^  of  each 
100  parts  Na  employed  as  NaCI^ 

in  exp.  I.  (NaCl+NHg)       66  parts, 
„     11.  (4NaCl  +  3NH8)60     „ 

Calculated  for  ammonia,  there  were  precipitated  as  bicarbonate^ 
upon  100  parts  of  NHs, 

in  exp.  I.  (NaCl+ NHs)         90  parts  Na, 
„      II.  (4NaCl+8NH,)  110     „     „ 

In  experiment  II.  much  less  ammonium  bicarbonate  was  precipi- 
tated along  with  the  sodium  bicarbonate  than  in  I.  [These  expe- 
riments would  seem  to  prove  that  the  best  proportion  is  4  molecules 
NaCl  to  8  molecules  NH3 ;  but  this  is  at  variance  with  Gttnsbei^, 
who  requires  18*72  NHs  for  58*5  NaCl,  i.  e.  much  more  than  an 
equivalent.  We  shall  see  that  under  no  circumstances  is  it 
possible  to  work  at  15°  in  real  practice.] 

For  the  theory  of  the  ammonia-soda  process  we  must  also  take 
notice  of  the  experiments  made  by  Reich  on  the  solubility  of 
sodium  bicarbonate  in  solutions  of  sodium  chlorides,  quoted  Vol.  II. 

p.  54. 

Further  investigations  on  the  theory  of  that  process  have  been 
made  by  Schreib  (Zsch.  f.  angew.  Ch.  1888,  p.  223 ;  1889,  pp.  445  & 
486).  He  could  never  precipitate  more  than  four-fifths  of  the 
sodium  present.  The  proportion  in  which  this  can  be  done 
depends  on  the  proportion  between  NH3  and  NaCl,  farther  upon  the 
temperature,  but  scarcely  at  all  upon  the  pressure.  He  investigated 
in  the  first  respect  the  influence  of  ammonia  on  the  solubility  of 
sodium  chloride.     1  litre  of  saturated  solution  of  NaCl  at  15°  C. 
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conUiDB  317*8  prams  NaC]=  81*78  per  cent,  by  volume,  but  in  the 
e  of  NH|  only  the  following  percent.  NaCl  by  volume : — 


i;?,Ii.e. 

K.a  p.  e. 

inr,p.<i. 

NaOl  p.  o. 

HH,  p.  0. 

l,*JoL 

bfToL 
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bjToL 

bj«L 

bj»oL 

M 

29-5 

6-6 

277 

0-5 

25-7 

4-0 

292 

7-0 

27-4 

im 

254 

♦6 

289 

7-6 

271 

105 

25-1 

M 

288 

8-0 

2(l-8 

11-0 

248 

M 

28$ 

8-5 

26-4 

115 

24 '4 

28-0 

9-0 

261 

12U 

ai-1 

Only  one  solution  is  possible,  saturated  with  NaCl,  and  at  the 
nme  time  contaiDing  exactly  1  moL  NaCl  to  1  mol.  NH,,  viz., 
that  containing  ?■&  volume  per  cent.  NH»  to  26-8  vols,  per  cent. 
NaCl,  In  manufacturing  practice,  of  course,  solutions  occur 
which  contain  less  NaCl  than  they  could  dissolve  according  to  the 
NH|  present.  Schreib  made  some  laboratory  experimenta  with 
■olations  of  various  concentrations,  at  the  temperature  18^  C,  all 
of  which  be  carbonated  thoroughly.  With  concentrated  solutions 
hit  results  were  as  follows :— 


Original  SolDtion. 

'la. 

Ss; 

NH. 

p.*. 

p.0. 

DegTM 

NH, 
p.  a 

N»a 

p.c 

HH,a 
p.0. 

Feroant. 
pwiition. 

Na,CO, 

grsnn 
per  litre. 

296 

214 

20-1 

331 

1  ^ 

21-0 

4-5 

29-1 

20-2 

1-0 

17-9 

10-8 

4CKI 

20-8 

4-9 

14-8 

14'9 

62-3 

19-1 

6-9 

279 

110 

168 

(a-5 

I9i) 

61 

27-H 

07 

11-0 

16-4 

C20 

6-3 

27-4 

17-1 

1-2 

][)-9 

I6'4 

62-5 

1*9 

6-ft 

27-3 

13 

102 

16' 1 

63-1 

148 

18-7 

68 

27'4 

9-9 

190 

67-6 

166 

18-4 

7-2 

27-2 

1-3 

93 

17it 

67-8 

164 

iM 

17-4 

8-9 

25-8 

13 

7-4 

18-8 

73-6 

168 

Il-fi 

13 

7-3 

18-5 

145 

U 

13-4 

18-2 

23'5 

2-9 

96 

14'2 

132 

The  results  obtained  on  the  manufacturing  scale  will  not  be 
identical  with  those  shown  above,  bat  we  can  clearly  discern  the 
n^t  wttj.  With  a  low  percentage  of  NHg  the  carbonation  goes 
oa  rspidJyi  Imt  the  yield  is  small,  much  salt  is  lost,  and  a  large  bulk 
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of  liquid  must  be  distilled.  With  a  very  high  percentage  the  yield 
is  greater  and  the  loss  of  salt  smaller^  but  more  NHs  is  needed^  the 
carbonation  goes  on  more  slowly,  and  the  work  is  improved  by 
ammonium  carbonate  being  carried  away  and  causing  obstructions. 
The  limits  of  the  solutions  employed  in  practice  are  betweea 
No.  3  and  Nos.  9 ;  No.  6  and  7  are  probably  best.  In  practice  the 
carbonation  cannot  be  as  thorough  as  in  these  experiments,  and 
the  maximum  percentage  decomposition  of  73*6  will  hardly  ever 
be  obtained.  There  is  also  a  loss  of  soda  in  washing  the  pre- 
cipitated bicarbonate,  which  in  the  laboratory  amounts  to  5  per 
cent.,  in  practice  to  10  per  cent,  and  upwards. 

The  following  experiments  were  made  with  dilute  solutions, 
corresponding  in  respect  of  their  NHj  to  the  same  numbers  of  the 
first  series : — 


Original  Solution. 

Carbonated  Solution. 

No. 

4 
8 
9 

Degree 
Baum^. 

NH3 
p.  0. 

Naa 
p.  c. 

• 

Degree 
Bauui^. 

NH,. 

NaCl. 

NH.OI. 

Percent 
Decom- 
position. 

Na,CO, 

gram  A 

per  litTe. 

15-8 
13-6 
14-8 

5-9 
6-8 
7-2 

229 
20-5 
226 

■  •  « 

•  ■  • 

•  •  • 

•  •  « 
■  «  • 

•  •  ■ 

7-4 
5-9 
6-9 

15-2 
14-7 
15-3 

691 
70-3 
70-5 

•  •  ■ 

•  •  • 

•  •  • 

Here  the  decomposition  is  rather  more  complete  for  the  same 
percentage  of  NaCl ;  but  this  advantage  is  more  than  compensated 
by  more  difficult  carbonation,  smaller  yield,  and  higher  cost. 
Such  dilute  solutions  are  hardly  ever  used  in  practice. 

Whilst  in  theory  100  parts  soda-ash  of  97  to  99  per  cent,  cor- 
respond to  110  parts  of  pure  NaCl,  or  115  of  common  salt  (in 
England,  say,  120  of  damp  salt),  in  practice  at  least  200,  usually 
220  or  sometimes  more,  parts  of  salt  are  used,  but  the  figure  220, 
involving  a  loss  of  100  parts  of  salt,  ought  never  to  be  exceeded. 

Solutions  of  ammonia,  saturated  with  NaCl,  when  carbonated 
are  able  to  dissolve  a  further  quantity  of  NaCl,  as  the  conditions 
are  now  changed,  and  NH4CI  and  NH4H.COJ  have  taken  the 
place  of  NaCl  and  NH3  and  a  large  proportion  of  Na  has  been 
precipitated  as  bicarbonate  (together  with  some  ammonium 
bicarbonate).     A  carbonated  solution,  containing  much  ammonium 
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bicarbonate,  on  addition  of  NaCl  yields  a  precipitate  of  sodium 
bicarbonate.  Hence  it  is  best  to  give  from  the  first  an  excess  of 
NH}  and  to  add  during  carbonation  a  quantity  of  solid  NaCl 
corresponding  to  that  excess.  This  solid  NaCl  dissolves  in  the 
lame  proportion  as  NaHCOg  is  precipitated^  and  thus  keeps  the 
liquid  in  that  state  in  which  the  NaHCOs  is  least  soluble.  Thus 
on  the  small  scale  a  decomposition  of  80  per  cent,  can  be  attained. 
The  concentrated  solution  is  more  easily  carbonated  and  the  COj 
is  better  atilized.  [Precisely  the  same  proposal  was  made  by 
Solvay  many  years  ago.] 

Schreib  also  describes  the  following  improvement : — Instead  of 
at  once  distilling  the  liquor  filtered  from  the  bicarbonate,  in 
which  case  the  undecomposed  sodium  chloride  is  lost,  he  treats  it 
vith  solid  sodium  chloride  and  gaseous  ammonium  carbonate  (or 
NH,  and  CO,),  whilst  strongly  cooling.  This  causes  sodium 
chloride  and  ammonium  carbonate  to  enter  into  solution,  and 
ammonium  chloride  to  be  precipitated  in  the  solid  state.  In  the 
end  100  c.  c.  of  a  saturated  solution  at  5^  C.  contain  25'5  grams 
NaCI  and  4*1  grams  NH4CI.  We  shall  refer  to  this  process 
later  on. 

The  excess  of  NaCl  employed  for  promoting  the  decomposition 
remains  in  the  solution  filtered  from  the  solid  sodium  bicarbonate ; 
thii  solution  principally  contains  ammonium  chloride,  with  some 
•odinm  and  ammonium  bicarbonate.  During  the  recovery  of 
ammonia  from  this  mother  liquor,  more  NaCl  is  formed  by  the 
deccHnposition  going  on  at  a  higher  temperature  : 

NaHCO,  +  NH4CI = NaCl + NH3  +  CO2  +  HjO. 

All  this  sodinm  chloride  remains  in  the  calcium-chloride  liquor 
ran  off  from  the  ammonia-stills,  and  is  usually  lost  in  this  way. 
Only  where  common  salt  has  a  more  than  ordinary  value  will  it 
|Miy  to  recover  it  by  evaporation  and  fishing ;  but  this  will  rarely  be 
the  case,  siface  ammonia-soda  works  are  usually  established 
precisely  in  those  localities  where  common  salt  has  a  very  low 
Talne. 

As  under  the  most  favourable  circumstances  the  manufacture  of 
alkali  by  the  ammonia  process  always  requires  the  expenditure  of 
more  sodinm  chloride  than  that  by  the  Leblanc  process,  viz.,  from 
20  to  50  per  cent.,  it  is  evident  that  the  former  must  be  based  on 
obtaining  the  salt  at  a  very  low  price.     This  is  all  the  more  easily 

/^TOL.  III.  C 
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attained^  as  it  is  unnecessary  to  separate  the  salt  in  the  solid  state^ 
and  it  is  quite  possible  to  use  the  brine  as  it  is  pumped  up. 

The  lime  required  for  recovering  the  ammonia  may  be  compared 
ivith  the  limestone  required  in  the  Leblanc  process^  all  the  more 
as  that  lime  must  be  always  made  on  the  spot  by  burning  lime- 
stone^ in  order  to  obtain  the  carbonic  acid  required  for  the  process. 
The  sulphur  and  nitre  consumed  in  the  Leblanc  process  is  repre- 
sented in  the  ammonia  process  merely  by  the  loss  of  ammonia ; 
all  these  substances  serve  merely  as  intermediary  agents  for 
decomposing  the  common  salts,  and  they  should  be  recovered  to  the 
greatest  possible  extent,  in  order  to  make  the  process  economical. 

The  fact  that  this  recovery  cannot  be  carried  out  in  the 
Leblanc  process  to  anything  like  the  same  extent  as  in  the 
ammonia  process,  and  involves  much  greater  expense,  constitutes 
one  of  the  disadvantages  of  the  former  compared  with  the  latter. 

A  great  advantage  of  the  ammonia  process  is  the  comparatively 
small  consumption  of  fuel.  The  thermochemical  data  (p.  11) 
have  shown  us  that  the  principal  reaction  of  the  process  is  not 
connected  with  any  theoretical  consumption  of  energy ;  nor  is  this 
of  much  importance  in  the  recovery  of  ammonia  from  the  ammo- 
mium  chloride,  as  we  shall  presently  see.  The  roundabout  course 
of  the  reactions,  which  in  the  Leblanc  process  causes  so  much 
waste  of  heat  (Vol,  II.  p.  478)  does  not  exist  here.  In  fact,  the 
greatest  consumption  of  fuel  in  the  ammonia-soda  process  is  caused 
by  the  generation  and  mechanical  propulsion  of  the  carbonic  acid, 
viz.,  by  the  coke  employed  in  the  lime-kilns  and  the  coal  burnt 
under  the  steam-boilers  for  driving  the  blowing- engine. 

The  recovery  of  ammonia  is  frequently  effected  by  means  of  the 
exhaust  steam  from  the  blowing-engines,  but,  of  course,  not  with- 
out some  expense^  since  otherwise  this  eugiue  can  be  driven  muck 
more  cheaply  by  a  condensing  steam-engine  (comp.  Chapter  VI.) 

The  decomposition  of  ammonium  chloride  by  lime  is  an  exother- 
mic process,  that  is,  one  accompanied  by  evolution  of  heat;  for 
the  heat  of  neutralization  (in  aqueous  solutions)  is  12*27  calories 
for  NHa+HCl  and  13-95  for  i(CaO  +  2  HCl),  so  that  an  excess 
of  1'68  calories  is  to  be  disposed  of.  But  much  more  than  this, 
viz.  8*8  cal.,  is  required  for  expelling  the  NH3  from  its  aqueous 
solution,  and  much  more  again  in  the  case  of  a  dilute  solution,  so 
that  some  fuel  must  be  actually  consumed  here. 

The  chlorine  is  removed  in  the  ammonia-soda  process  in  a  shape 
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representing  even  slightly  moreenersry  than  before,  since  (NaOH  aq., 
HClaq.)=13-74  caL,  and  KCaOaHg  aq.,  2  HCl  aq.)  =  13-95  cal. 
This  explains  the  difficulty  of  liberating  HCl  or  free  chlorine 
from  the  calcium  chloride  running  to  waste  in  this  process,  which 
theoretically  requires  quite  as  much  energy  as  the  liberation  from 
Mxiiam  chloride,  whereas  in  the  Leblanc  process  the  chlorine  is  set 
free  at  once  in  the  shape  of  HCl. 

The  importance  of  recovering  the  ammonia  as  completely  as 
possible  is  illustrated  by  the  following : — 100  parts  of  pure  NajCOs 
is  equiyalent  to  32-8  NH3  or  162*25  (NH4)2S04.  But  as  only 
tvo-thirds  of  the  sodium  is  converted  into  carbonate,  we  must 
assame  5ONH3  ^^  ^^0  ammonium  sulphate  for  each  100  parts 
of  sodium  carbonate,  or  2^  tons  of  ammonium  sulphate  for  each 
ton  of  soda-ash.  The  value  of  the  former  is  at  present  about 
£S0  per  ton^  that  of  the  latter  about  £4}.  If  99  per  cent,  of 
the  ammonia  entering  into  reaction  is  recovered,  the  1  per  cent, 
lost  still  represents  a  value  of  6s.  per  ton  of  soda-ash.  Formerly 
that  loss  was  much  greater;  and  a  few  years  ago  very  few 
works  seem  to  have  suffered  so  little  loss  as  1  per  cent,  of  NH3, 
but  nowadays  the  best-conducted  works  do  a  great  deal  better 
than  this. 

Synopsis  of  the  Operations. 

In  everv  ammonia-soda  works  ammonium  bicarbonate  must 
react  with  sodium  chloride.  This  can  be  done  by  an  infinite 
variety  of  apparatus,  and  the  preparatory  reactions,  necessary 
in  every  case,  caa  also  be  grouped  in  very  different  ways.  The 
beginning  is  always  made  with  sodium  chloride ;  but  quite  a 
ddferent  course  must  be  followed  according  to  whether  solid 
ult  or  brine  is  the  raw  material  at  disposal.  The  ammonium 
bicarbonate  is  in  all  cases  formed  during  the  process  itself,  and 
this  also  can  be  effected  in  various  ways.  Some,  like  Schloesing 
in  his  process  of  1878,  prepare  first  ammomium  bicarbonate  as 
a  solid  substance,  and  then  only  cause  it  to  react  with  sodium 
chloride;  most  other  inventors  prepare  an  aqueous  solution,  con- 
taining as  much  sodium  chloride  and  ammonia  as  possible,  and 
treat  this  with  an  excess  of  carbonic  acid,  so  that  the  ammonium 
bicarbonare,  as  soon  as  it  is  formed,  enters  into  reaction  with 
the  sodium  chloride^  and  is  only  recognized  by  the  unavoidable 

c2 
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imperfection  of  the  reaction  (p.  11  et  seq.).  This  second  form  of 
the  process  can  be  carried  ont  in  two  diflferent  ways,  viz.,  either  by 
saturating  brine  with  gaseous  ammonia,  or  by  dissolving  solid 
salt  in  concentrated  aqna  ammonise.  In  all  cases  the  free 
ammonia  is  mixed  with  a  little  carbonate;  but  this  does  not 
signify,  as  this  is  only  normal  carbonate,  which  does  not  react  with 
a  solution  of  NaCl. 

This  enumeration  by  no  means  comprises  all  the  forms  which 
the  ammonia-soda  process  may  take.  We  mention  at  present  only 
the  following :— The  sodium  salt  to  be  decomposed  need  not  be  the 
chloride;  it  may  also  be  the  sulphate,  nitrate,  or  other  salts. 
The  ammonia  may  be  employed  as  ammonium  sulphide.  These 
less  important  forms  of  the  process  will  be  separately  treated  in 
Chapter  VIII. 

It  is  hardly  necessary  to  say  that  the  recovery  of  ammonia  from 
the  ammonium  chloride  is  an  indispensable  operation,  and  is 
intimately  connected  with  those  previously  mentioned. 

Lastly,  we  shall  later  on  notice  the  attempts  to  utilize  the 
chlorine  passing  into  calcium  chloride.  Although  these  attempts 
have  not  borne  much  fruit,  they  cannot  be  left  unnoticed,  and 
there  is  now  a  better  prospect  of  their  success  than  formerly. 

In  the  following  chapters  the  various  operations  will  be  described, 
without  limiting  ourselves  to  the  special  combination  made  by  one 
or  the  other  inventor,  seeing  that  the  various  forms  of  each  operation 
can  mostly  be  combined  at  will  with  one  another.  In  most  cases 
we  shall  give  Solvay's  processes  precedence,  since  perhaps  nine- 
tenths  of  all  ammonia-soda  is  made  by  them ;  but  I  have  already 
remarked  (p.  10)  that  only  very  few  of  the  apparatus  described 
in  the  numerous  patents  taken  out  by  Solvay  are  still  employed, 
at  least  without  essential  modifications  and  simplifications. 
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CHAPTER  II. 

THE  AMMOJ^IACAL  SOLUTION  OF  SALT. 

I.  Preparation  of  the  Salt  Solution, 

h  exceptional  cases  the  process  is  commenced  with  solid  sodium 
chloride  of  sufficient  purity.  This  can  only  be  done  in  places 
where  the  salt  has  an  extremely  small  value^  e.  g.  close  by  jock- 
salt  mines  or  by  sea-salt  works.  At  Neu-Stassfurt,  rock-salt 
testing  98  or  99  per  cent,  can  be  had  in  any  quantity ;  but  it 
seems  to  be  too  dear  for  this  purpose^  and^  at  all  events^  it  is  not 
yet  employed  to  any  considerable  extent. 

At  some  salt-works  on  the  south  coast  of  France  the  salt 
extracted  from  sea-water  by  spontaneous  evaporation  costs  very 
little  indeed,  viz.,  from  Is.  to  28.  per  ton,  irrespective  of  duty, 
and  this  has  been  utilized  for  ammonia-soda  on  a  moderate  scale. 
The  processes  invented  by  Boulouvard,  to  be  subsequently  de- 
scribed, were  intended  for  this  special  case. 

In  the  lai^e  majority  of  cases  ammonia-soda   can  only  be 

economically   produced  if  at  least  the   greatest  portion   of  the 

sodium  chloride  is  present  in  the  shape  of  concentrated  brine,  thus 

saring  the  expense  of  evaporation  and  re-solution.     In  this  form 

salt  is  certainly  very  cheap.     At  Varangeville  a  ton  of  salt  in  the 

shape  of  saturated  brine  costs  2  francs,  in  Cheshire  6d.,  in  both 

cases  inclusive  of  mining  royalty  and  pumping.     The  salt  thus 

eosts  next  to  nothing ;  but  in  France  a  heavy  duty  must  be  added, 

riz.  10  francs  per  100  kilog.  sodium  chloride,  which  is  levied  on 

brine  as  well.      In  Germany  salt  pays  no  duty,  if  ''denatured^' 

for  industrial  purposes^  and  this  rather  troublesome  process  neea 

not  be  applied  to  brine.     Apart  from  brine,  a  little  solid  salt  must 

be  always  employed.     At  Varangeville  this  formerly  amounted  to 

20  per  cent.,  but  recently  less  solid  salt  seems  to  have  been 
employed. 

The  brine  must,  of  course,  be  sufficiently  strong  or,  preferably, 

Bstorated.    A  saturated  solution  of  pure  sodium  chloride  contains 
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at  15°  C.  about  26*4  per  cent.  NaCl  by  wei^ht^and  has  the  specific 
gravity  r2043.  Exact  data  on  the  solubility,  specific  gravity,  and 
all  other  properties  of  sodium  chloride  are  given  in  Vol.  11.  p.  3 ; 
occurrence  in  nature  and  composition  of  salt,  &c.,  p.  8 ;  statistics, 
p.  14. 

Natural  brine  is  hardly  ever  pure  enough  for  the  present  purpose. 
Itis  percentage  of  calcium,  magnesium,  and  iron  salts  (comp.  on 
the  estimation  of  these,  Vol.  II.  p.  88)  is  very  injurious,  as  all 
these  bases  are  precipitated  by  ammonium  carbonate;  they  con- 
taminate the  sodium  bicarbonate,  and  cannot  be  removed  from 
this.  The  magnesia  also  causes  trouble  by  forming  double  salts 
with  sodium  carbonate  and  chloride,  which  give  rise  to  the 
foi*mation  of  incrustations  in  the  apparatus.  It  is  hence  indis- 
pensable to  remove  these  bodies  as  much  as  possible,  before  the 
sodium  bicarbonate  is  precipitated.  This  puri-fying  process  has 
been  sometimes  efl^ected  between  the  preparation  of  the  ammoniacal 
salt  solution  and  the  carbonating,  but  it  is  best  to  purify  the  brine 
itself  before  it  is  treated  with  ammonia. 

For  this  purpose  the  brine  is  put  into  large  tanks,  where  it  is 
mixed  with  a  sufficient  quantity  of  the  purifying  reagents.  The 
analysis  of  the  brine  being  known,  at  first  sufficient  milk  of  lime 
may  be  added  to  decompose  the  magnesium  salts,  and  then  sufficient 
ammonium  carbonate  to  convert  the  calcium  salts,  still  present  in 
solution,  into  calcium  carbonate  and  the  corresponding  ammonium 
salts.  It  is  simpler  to  employ  from  the  first  a  sufficient  quantity 
of  ammonium  carbonate,  in  the  shape  of  brine  containing  this  salt, 
as  it  is  obtained  in  the  subsequent  operationfiL  by  washing  the 
exit  gases,  and  tlms  to  precipitate  lime  and  magnesia  at  the  same 
time ;  but  this  requires  a  considerable  excess  of  ammonium  car- 
bonate, about  22  lb.  NH3  per  ton  of  brine.  This  operation 
may  be  performed  in  iron  or  wooden  vessels,  by  means  of  a 
mechanical  stirrer  or  agitating  the  liquor  by  compressed  air. 
After  proper  settling,  the  clear  portion  of  the  liquor  is  removed  to 
the  saturating  apparatus.  There  should  be  at  least  two  such 
vessels  provided,  preferably  three,  to  allow  sufficient  time  for 
settling.  Of  course  any  continuously  acting  system  of  decantatiou, 
or  filter  presses  &c.,  may  also  be  employed. 

The  mud  collecting  in  the  vessels  is  from  time  to  time  removed  i 
as  it  contains  a  little  ammonium  salt,  it  should  be  passed  through 
the  ammonia-stills  before  being  thrown  away. 
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Mond  (Engl.  pat.  4175,  1874)  adds  to  each  4300  litres  of 
brine  36  kilo^.  soda-ash  and  9  kilog.  lime,  aud  removes  the  iron 
by  means  of  the  ammonium  sulphide  formed  iu  the  distillation  of 
crude  gas-liquor. 

Sokay  (French  pat.  130527,  of  1879)  purifies  brine  simply  by 
adding  soda-ash  and  heating  iu  large  bulk.  If  iron  is  present,  a 
litde  bleaching-powder  is  added. 

Wigg  (Engl.  pat.  3125,  1882)  removes  magnesia  from  brine  by 
adding  sodium  arseniate. 

Collins  (Amer.  pat.  459236)  treats  brine  with  an  electric 
current  not  exceeding  2^  volts,  which  he  believes  will  decompose 
the  impurities  and  make  them  insoluble,  without  affecting  the 
NaCl. 

If  «o/irf«a// (analysis.  Vol.  II.  p.  87)  is  employed  for  bringing  an 
insufficiently  saturated  brine  up  to  strength,  it  may  be  put  in 
together  with  the  chemicals  used  for  purification,  or  else  later  on 
during  the  saturation  with  ammonia.  Solvay  asserts  that  the 
presence  of  calcium  and  magnesium  salts  prevents  the  complete 
saturation  of  brine  with  NaCl.  But  it  is  a  fact  that,  even  in  the 
application  of  previously  purified  brine,  a  rather  large  quantity  of 
loiid  salt  is  subsequently  added.  If  an  aqueous  solution  of 
ammonium  carbonate,  not  previously  saturated  with  NaCl,  is 
employed  for  purifying  the  brine,  this  necessarily  involves  adding 
solid  salt  to  compensate  for  the  dilution. 

For  the  comparatively  rare  case  in  which  brine  must  be  artificially 
prepared  entinly  by  dissolving  solid  salt,  Solvay  recommends  the 
following  apparatus: — 

A  low  tank,  made  of  iron,  wood,  or  stone,  divided  by  vertical 
partitions  into  six  or  more  compartments,  each  of  which  communi- 
cates with  the  next  one,  so  that  the  water  entering  into  the  first 
travels  along  in  a  serpentine  course  to  the  last,  isfilled  with  salt;  and 
through  an  opening  just  above  the  bottom  in  one  of  the  corners 
water  is  admitted,  which  is  conveyed  hy  a  pipe  from  the  bottom 
or  another  tank.  The  latter  is  divided  into  two  compartments : 
water  is  run  into  one  of  these,  and  flows  into  the  other  over  the 
partition,  which  is  of  the  same  height  as  the  partitions  in  the  lixi- 
viating-tank  ;  so  that  the  level  of  the  water  in  the  latter  is  always 
the  same.  The  water  flowing  over  into  the  second  compartment 
of  the  water-tank  runs  away  through  a  waste-pipe.  On  its  way 
through  the  lixiviating-tank  the  water  is  converted  into  saturated 
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brine  of  42°  Tw.,  and  in  the  iast  compartment  is  diluted  by  a  jet 
of  water  to  38°  or  40°  Tw.  This  is  done  because  from  a  saturated 
brioe,  on  admitting  NHj,  crystals  of  NaCI  separate,  which  are 
not  further  acted  upon.  The  last  compartment  is  larger  than 
the  others,  and  contains  a  filter  for  retaining  the  impurities  of 
the  brine. 


Figr.  I. 


~7^^X 


A  similar  apparatus  is  described  bj  Schr^b  (Chem.  Zg.  1890, 
p.  490),  as  shown  in  figs.  1  and  2.  A  tank  is  separated  into  four 
compartments  by  partitions  b,  b.  The  salt  is  charged  through 
openingB  g,  g,  and  rests  on  the  wooden  grid  t,  covered  with 
rough  cloth.  Each  compartment  is  supplied  through  /  with  water 
or  dilute  brine,  circulating  by  means  of  the  overflows  a,  a ;  the 
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saturated  brine  is  taken  away  by  the  pipe  c,  from  which  a  branch  d 
dips  into  each  compartment  underneath  the  false  bottom,  in  order 
to  receive  only  clear  liquor.  By  means  of  taps,  each  compart- 
ment can  be  put  out  of  series^  or  can  be  put  in  as  the  first,  second, 
third,  or  fourth  of  the  series.  If  from  0*5  to  1  per  cent.  NHg  is 
emploTed  for  removing  the  earthy  salts^  1  litre  of  brine  will  hold 
from  290  to  300  grams  NaCl. 

Before  the  brine  is  put  into  the  apparatus  for  saturating  with 
ammonia,  it  is  partly  or  entirely  employed  for  washing  the  gases 
tteapimg  into  the  air  from  the  saturators  and  carbonators,  to  save 
the  ammonia  always  carried  away  by  these  gases.  This  is  some- 
times done  by  means  of  large  apparatus,  similar  to  carboua  ting- 
towers.  In  the  case  of  crude  brine  there  is,  of  course,  a 
precipitation  of  calcium  or  magnesium  carbonate,  which  is  removed 
by  settling  or  continuous  decantation  (comp.  infra)  before  intro- 
dacingthe  clear  liquor  into  the  saturators.  Or  else  columns  are 
employed  like  those  belonging  to  the  ammonia-stills,  in  which  the 
brine  descends^  and  the  gases  to  be  washed  bubble  through  the 
brine  in  many  jets  in  each  compartment  of  the  column.  This 
must  be  effected  either  by  pressure  of  the  gases  from  below  or  by 
suction  from  above ;  in  the  case  of  the  gases  from  carbonating- 
towers  the  former,  in  those  from  ammonia  saturators  the  latter  is 
preferable. 

II.  Preparation  of  the  Ammoniacal  Solution  of  Salt, 

The  purified  solution  of  sodium  chloride,  obtained  as  above, 
most  now  be  saturated  with  ammonia,  coming  from  the  ammonia- 
sulls,  together  with  somewhat  considerable  quantities  of  carbonic 
acid,  whichj  however,  never  su£Sce  to  form  even  normal  ammonium 
carbonate.  We  first  describe  the  apparatus  mentioned  by  Solvay 
in  his  patents  of  1872,  and  shown  in  fig.  3.  R  and  B'  are  tanks 
for  brine;  A  is  the  dissolver  for  ammonia,  communicating  with 
K  and  R'  above  and  below  by  the  cocks  p,  pf,r,  r';  only  one  of 
the  tanks  R  R^  alternately,  is  connected  with  A.  Suppose  this  to 
beB,;i  and//  are  opened,  and  NHs  gas  is  admitted  through  T, 
from  the  still  (comp.  Chapter  YI.),  into  A,  where  it  is  distributed 
br  the  perforated  false  bottom  F  and  quickly  absorbed  by  the 
solution.  From  R,  into  which  a  quantity  of  milk  of  lime  suitable 
tor  that  special  bnue  has  been  introduced,  and  the  contents  of 
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which  are  agitated  by  W  W,  the  brine  flows  into  A  and  back 
Fig.  3. 

.  1. 


again ;  the  circulation  is  produced  by  the  agitating  arms  W  W,  or 
in  case  oE  need  by  the  screw  H  (fig,  4)  revolving  several  hundred 
times  per  minute  and  inserted  in  one  of  the  connecting-pipes 
between  R  and  A.     As  the  temperature  rises  very  much  ou  the 
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absorptiou  of  the  ammonia,  there  is  a  cooling-worm  S  placed 
within  the  dissolver  A,  in  which  water  circulates.  The  pipe  V 
serves  for  introdncing  ground  salt  in  case  the  brine  is  not  strong 
enoagh — ^the  proportions  being  regulated  by  a  wheel  divided  into 
several  compartments,  m.  T'  is  a  pipe  for  the  escape  of  air,  which, 
being  charged  with  NH3  vapour,  is  carried  into  an  absorbing- 
apparatus  charged  with  brine.  For  the  rarer  case  of  a  natural 
brine  being  too  stong,  Solvaj  recommends  an  automatical  dilutiug- 
apparatus,  in  his  patent  No.  999,  1876. 

The  saturation   of  brine  with  ammonia  roust  be  carried  to  a 
cettwi  point,  wLich  can  be  recognized  by  the  brine,  its  volume 
being  increased  by  saturation  with  NHs^  attaining  a  certain  level. 
This  can  be  tested  by  hand,  and  the  position  of  the  cocks  altered 
accordingly;   but  of  course   an  automatic   arrangement  is  pre- 
ferable.   In  1863  Solvay  availed  himself  for  this  purpose  of  the 
difference  in  specific  gravity  between  the  pure  brine  (38°-40°  Tw.) 
and  that  saturated  with  ammonia  (30—25°  Tw.) .     Following  the 
law  of  communicating  tubes,  the  brine  saturated  with  ammonia 
rises  to  a  greater  height,  in  order  to  balance  the  pure  brine ;  and 
it  vas  only  necessary  to  put  a  lateral  pipe  for  running  away  the 
liquor,  to  which  it  must  rise  when  its  specific  gravity  has  sunk 
down  to  25^  Tw.    This  principle  could  not  be  applied  when  Solvay 
introdaoed  large  and  varying  quantities  of  carbonic  acid  at  this 
stage  of  the  process;  by  this  the  bulk  of  the  liquid  is  increased  but 
very  httle,  its  density  very  much.     Hence  he  employed  later  on 
an  automatic  apparatus    based   entirely   upon   the   increase   of 
volume  of  the  brine  on  saturation  with  NHg,  and  independently 
of  the  CO}*    The  dissolver  for  ammonia  is  connected  with  two 
reservoirs,  one  of  which  measures   the  brine  and  introduces  it 
into  the  dissolver,  whilst  the  other  draws   ofi^  a  corresponding 
qoantity  of  ammoniacal  brine  when  it  is  sufiiciently  saturated. 
This  is  done  by  means  of  a  float  in  one  of  the  reservoirs,  which, 
when  the  ammoniacal  brine  has  risen  to  the  proper  level,  0[:eus  a 
vilve  by  means  of  a  lever  arrangement  and  allows  the  brine  to  run 
out,  whereupon,  as  it  descends,  another  valve  is  opened,  by  which 
Uie  requisite  quantity  of  fresh  brine  is  again  introduced. 

It  would  appear  that  this  automatic  saturating-apparatus,  even 
in  its  new  form,  was  not  altogether  satisfactory:  it  is  very  in- 
(penioos;  but  the  play  of  valves  and  levers  is  somewhat  complicated. 
At  least  it  was  not  employed  at  Northwich  on  my  visit  in  1878,  but 
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the  degree  of  saturation  of  the  brine  with  ammonia  was  found  by 
titrating,  as  usual  everywhere  else.  We  accordingly  refer  for  the 
drawing  and  detailed  description  of  th6  apparatus  to  the  patent- 
specification  (No.  1904,  1876,  p.  11).  In  practice  not  two,  but  a 
larger  number  of  dissolvers  for  ammoniacal  brine  are  combined  to 
form  a  set. 

When  the  brine  contains  enough  ammonia,  the  agitator  in  R 
(fig.  3)  is  stopped ;  any  precipitated  magnesium  or  calcium  car- 
bonate, along  with  insoluble  impurities  of  freshly  dissolved  salt, 
quickly  settles  down,  and  can  be  drawn  off  at  the  bottom,  where 
the  vessels  are  made  conical  and  provided  with  mud-valves.  Where 
large  quantities  of  mud  have  to  be  dealt  with,  Solvay  employs  the 
continuous  decanting-apparatus  D  (fig.  3).  The  mud,  of  course 
mixed  with  a  good  deal  of  liquor,  is  forced  by  means  of  compressed 
air  or  carbonic  acid,  acting  upon  the  surface  of  the  liquid  in  R, 
through  the  pipe  L  into  the  tall  cylinder  D ;  the  liquid  from  this 
overflows  through  U;  the  mud  remains  lying  in  the  conical  bottom, 
from  which  it  is  scraped  off  by  the  scraper  M ;  it  again  rises  in 
the  pipe  I,  and  is  run  off  through  b.  According  to  requirements, 
more  or  less  of  the  contents  of  R  are  passed  through  the  decanting, 
apparatus.  Another,  similar  apparatus  is  described  in  the  patent 
No.  999,  1876,  p.  4. 

After  decantation  the  ammoniacal  brine  is  filtered,  in  order  to 
be  obtained  perfectly  clear ;  otherwise  all  its  impurities  would  pass 
over  into  the  soda.  Since  the  particles  still  suspended  are  very 
fine,  a  closely-woven  cloth  must  be  employed  for  filtering ;  and 
this  necessitates  strong  pressure,  which  is  effected  by  the  cylinder 
B  (fig.  11,  p.  34),  within  which  a  smaller  cylinder  O,  with  many 
perforations,  is  fixed.  The  filteriug-bag  is  either  inside  O,  and 
consequently  taken  out  when  full  of  mud;  or  it  is  outside,  in  which 
case  the  mud  is  removed  by  d. 

In  lieu  of  decanting-apparatus,  filter-presses  are  frequently 
employed  for  this  mud. 

Instead  of  the  complicated  apparatus  described  in  Solvay^s 
patents,  others  employ  plain  cast-iron  cylinders,  at  the  bottom  of 
which  there  are  inlets  for  fresh  brine  and  for  ammonia-gas, 
regulated  in  such  quantity  that  a  sufficiently  strong  solution  is 
formed;  this  at  the  top  runs  by  means  of  an  overflow  into  storage- 
vessels,  which  may  be  made  to  act  as  settlers.  The  inner  worm, 
shown  in  fig.  3  at  S,  is,    I  am  informed,  left  out  even  at  the 
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Solvay  works^  as  it  quickly  becomes  blocked  with  crusts,  and  the 
cooling  is  all  done  from  without.  It  is  necessary  always  to  keep 
the  temperature  below  70**  C,  to  prevent  decomposition  of  ammo- 
nium carbonate.  An  excessively  low  temperature  is  injurious  in 
the  case  of  imperfectly  purified  brine,  as  it  prevents  the  precipitation 
of  calcium  carbonate  in  crystalline  form. 

Another  kind  of  cooling  is  said  to  be  both  simpler  and  more 
efficient,  viz.,  adding  some  ammoniacal  brine  obtained  in  a  previous 
operation,  and  cooled  in  the  manner  to  be  described  below. 

The  vessels  RR',  fig.  3,  have  been  recently  abolished  in  the 
SoWay  works,  so  that  there  is  little  left  of  the  ingenious  but 
complicated  apparatus  of  1872,  and  practically  the  same  simple 
apparatus  is  employed  as  is  used  by  most  other  manufacturers. 
But  the  continuous  decanting-apparatus,  shown  in  fig.  3  at  D,  has 
answered  very  well;  three  such  are  employed  in  succession,  and 
they  suffice  without  the  filters  B,  shown  in  fig.  11,  which  had 
to  be  done  away  with,  as  they  were  constantly  stopped  up. 

A  large  number  of  special  apparatus  for  the  preparation  of 
ammoniacal  salt  solution  is  described  in  many  patents,  partly 
embracing  mechanical  stirring,  and  mostly  connected  with  special 
carbonating  apparatus;  for  this  reason  we  must  refer  to  the 
enmneration  given  in  the  next  chapter.  We  have  already  re- 
marked that  no  complicated  apparatus  is  needed  for  this  part  of 
the  process. 

Boulouvard's  dissolving  apparatus  is  intended  to  prepare  from 
solid  salt  at  once  an  ammoniacal  brine,  by  dissolving  the  salt  in 
the  ammoniacal  solution  obtained  in  regeneration  of  ammonia, 
containing  more  or  less  CO3.  In  figs.  5  and  6,  A  and  A'  are  two 
tanks  filled  with  ammonia-water.  As  the  strength  of  this  liquor 
varies,  it  is  brought  to  the  proper  strength  of  900  grams  per 
litre  (?)  by  either  adding  water  or  stronger  liquor.  By  opening 
one  of  the  taps  c,  d,  e,  /,  communication  is  made  with  the  salt- 
hcnes  B,  B',  which  are  always  kept  fiill  from  above.  The  ammo- 
niacal liquor  running  in  forms  an  ammoniacal  brine,  at  the  same 
time  lowering  the  temperature ;  this  liquor  is  filtered  through 
the  sieves  ff,  g,  and  is  pumped  away  to  the  carbonators.  The 
covers  are  made  tight  by  india-rubber  washers  and  screws.  All 
commanications  with  the  air  are  provided  with  scrubbers  for 
letaining  any  NH3  escaping  (p.  25). 
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According  to  Landolt's  report,  in  Hofmann's  Vienna  Exhibition 
Report,  i.  p.  452,  Honigni^nn  also  dissolved  rock-salt  in  aqueous 
ammonia,  leaving  behind  the  soluble  impurities.  Later  on,  Uonip:- 
mann  abandoned  this  process,  and  saturated  his  brine  (22^  Baume) 
and  the  dissolving  vessel  itself  up  to  18  per  ceut.  NH4CI.  These 
vessels  have  conical  bottoms,  from  which  the  mud  is  from  time  to 
time  removed. 

Fassbender  describes  the  fol-  Figs.  7  &  8. 

lowing  apparatus,  shown  in 
figs.  7  &  8,  constructed  on  the 
principle  of  a  "columo.''  The 
lower  portion  of  the  column 
is  Burrounded  with  a  cold- 
water  jacket,  m,  with  inlet  and 
outlet /I  and  q  for  the  cooling- 
water.  The  ammonia-gas  en- 
ters at  47,  the  unabsorbed  gas 
escapes  at  A;  ar  is  the  inlet  for 
brine,  y  the  outlet  for  the 
same,  z  the  discharge-pipe  for 
the  bottom  compartment,  0,  0 
manholes  ;  besides  which  each 
column  has  three  pet-cocks  for 
taking  samples  and  gauging 
the  depth  of  liquor.  The  top 
ipartment  bears  a  pressure* 
a  vacuum-gauge  r,  and 
wster.pipe  w.  The  non- 
idMMrbed  gases  are  taken  away 
thnofh  6  b V  a  vacuum-pump, 
aad  fott^ed  through  the  same 
Mrabber  which'  serves  for  the 
gw  from  the  carbouators. 
this  they  pass  through 
m  aeid  washer  and  thus  into 

Aa^ipea  air. 

•Wham  pasfiing  dry  ammonia-gas  into  saturated  brine,  salt  would 
I0  Mcipitated^  as  NaCl  becomes  less  soluble  with  increasing 
MMiBtage  of  ammonia  (p.  15).  But  in  reality  the  ammonia 
ImmoUj  arrives  from  the  stills  pretty  well  charged  with  moisture. 


Sec. ion    A  — B 
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in  spite  of  coolings  and  this  dilutes  the  brine,  which  therefore  can 
take  up  more  salt  after  being  saturated.  This  fresh  salt  can  be 
put  in  the  top  part  of  the  carbonating-tower  (as  prescribed  by 
Solvay)^  or  immediately  below  the  top ;  or  else  the  ammoniacal 
brine  is  run  through  a  box  filled  with  salt^  and  only  then  into 
the  well  from  which  it  is  pumped  into  the  carbonators. 

The  saturation  with  ammonia  is  usually  carried  so  far  that  the 
liquor  titrates  from  60  to  70  grams  NH3  per  litre;  the  original 
bulk  of  the  brine  is  then  increased  by  9  per  cent.  Of  this  per- 
centage only  60  grams  per  litre  are  left  in  the  Solvay  towers,  as 
these  receive  some  fresh  brine  at  the  top  for  washing  the  gas  (see 
below).  We  have  seen  on  p.  16  how  far  the  transformation  of  the 
NaCl  is  influenced  by  the  saturation  with  NH3.  70  grams  NHs 
per  litre  is  rarely  exceeded,  as  this  causes  inconvenience  by  stopping 
up  the  pipes  with  ammonium  carbonate ;  usually  the  strength  is 
rather  below  70  grams.  Schreib  (Chem.  Zg.  1890,  p.  491)  con- 
siders 65  grams  NHs  &°d  about  270  grams  NaCl  as  the  best 
strength.  In  a  special  case  known  to  me,  the  average  was  62 
grams  NH3. 

The  testing  of  the  ammoniacal  brine  is  carried  out  as  follows  : — 
Sodium  chloride  is  tested  by  neutralizing  with  nitric  acid  (the 
reaction  must  be  exactly  neutral  or  slightly  alkaline,  but  not  acid), 
then  adding  a  little  potassium  chromate  and  titrating  with 
standard  silver  solution  up  to  a  red  colour.  1  c.  c.  of  a  decinormal 
solution  shows  0*00585  gram  NaCl ;  but  it  is  usual  to  employ  a 
special  solution,  e,  g.  one  containing  2906  grams  AgNOa  V^^ 
litre,  indicating  O'OOl  gram  NaCl  per  c.  c.  The  number  of  c.  c. 
of  the  standard  solution  used  must  be  diminished  by  0*2,  to  allow 
for  the  production  of  a  sensible  red  tint  of  the  AgCl. 

Ammonia  is  tested  sometimes  by  directly  titrating  with  standard 
acid ;  but  as  there  is  also  chloride  and  sulphate  to  be  considered, 
it  is  better  to  dilute  10  c.  c.  to  100  c.  c.  and  boil  in  a  flask, 
absorb  the  NHs  expelled  in  standard  acid,  and  re-titrate  with 
standard  soda  solution.  After  this  has  been  done,  the  receiver 
is  again  charged  with  standard  acid,  caustic  soda  solution  is  run 
into  the  flask  by  a  funnel-tap,  and  the  fixed  ammonia  estimated 
in  the  same  way  as  described  in  the  6th  chapter  in  connectiou 
with  gas-liquor. 

A  simpler  way  of  proceeding  is  this:  estimate  the  caustic 
ammonia    and   ammonium   carbonate  by   direct    titration   with 
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ttandud  scid  and  methfl-orange,  the  total  ammonia  by  distilling 
vith  caustic   soda,  and   the    fixed 
immonia  by  Bubtracting  the  former 
from  the  latter. 

The  NH,  abBorbed  by  brine  in 
the  icTnbbers  is  estimated  by  direct 
titration  with  acid. 

fFaihnff  the  Exit  Gaie».—We 
knoT  that  the  saturaton  never 
GDBunnnicate  freely  with  the  atmo- 
ipbere,  which  would  cause  a  lai^ 
Ion  of  amcQODia;  but  there  are 
alwayi  washers  (acrubbers)  inter- 
poied  in  which  the  NH,  iB  retained 
hj  vster,  or  better  by  brine.  It  is 
coniidered  a  special  advantage  (and 
ii  carried  oat  at  the  best  works)  not 
lovork  the  washers  under  pressnre, 
bnt,  on  the  contrary,  to  aspirate  the 
■ir  from  the  ammonia-saturators  and 
throi^h  the  washers,  which  must 
be  made  amply  large.  Since  the 
uturators  communicate  directly 
with  the  ammonia -stills  J  the  latter 
also  work  with  a  slight  underpres- 
lure,  or  at  least  without  any  outward 
prenaref  which  both  prevents  any 
leakage  of  ammonia  without  and 
catiMB  the  ammonia  to  be  given  off 
nmch  more  easily. 

A  washer  suitable  for  the  appli- 
eatioo  of  a  vacuum  is  shown  in  fig.  9. 

Pumpinff  the  Briite. — ^This  is  generally  done  by  means  of  com- 
prened  lime-kiln  gas,  a  branch  from  the  gas-main  being  provide*^ 
for  this  purpose. 

A  self-acting  pressure- apparatus,  invented  by  Solvay,  which  at 
tbe  same  time  serves  for  measuring  the  liquid,  is  represented  in 
fig.  10.  The  liquid  flows  through  the  valve-box  c  into  the  vessel 
B;  vith  this  the  float  F  rises  until  it  touches  the  washer  r  fixed 
npon  the  rod  /,  which  it  raises,  and  with  it  the  valve  *,  by  which 
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the  opeoiDg  «'  is  closed,     t  also  acts  upoB  the  lerer  L,  which 

raises  the  valve  t^  and  admits  into  the  apparatus  compressed  air  or 

gas,  which  forces  out  the  liquid  through  the  Tif.  10. 

valve-box  </.    The  float  F  descends  with  the 

liquid  till  it  comes  ioto  contact  with  the  > 

washer  Hj  and  draws  down  the  rod  t,  which 

stops  the  admission  of  compressed  gas  and 

opens  the  valve  s  for  the  escape  of  com> 

pressed  gas  through  »'.     Freah  liquid  then 

«Dters  through  c,  and  the  operation  begins 

again.     An  ordinary  meter  attached  to  the  , 

lever  L  indicates  the  number  of  times  the  J 

lever  has  been  worked,  and  with  it  the  volume 

of  the  liquid  forced.     This  apparatus  works  very  well,  and  waa  in 

constant  use  during  my  visit  in  1878. 

III.  Caoliny  of  the  Ammoniacal  Salt  Solution. 

The  perfectly  clear  ammoniacal  brine  must  now  be  cooled  down 

very  much   before   being   treated  with  carbonic   acid.      This   is 

done,  in  addition  to  the  preliminary  cooling  by  the  refrigerating- 

Fig,  11. 


^ 
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«oil  S  in  the  cylinder  A.  (fig.  3),  by  means  of  a  cooling-apparatus  C 
{fig.  11),  composed  of  concentric  tubes,  like  a  Liebig'a  cooler. 
The  imier  tubes  communicate  alternately  at  their  ends  by  bends  y ; 
the  outer  pipes  also  alternately  at  both  ends  by  the  straight  pipes  z. 
The  best  way  is  to  run  the  cooling-water  in  the  inner  tube  2',  and 
the  brine  in  the  annular  space,  so  that  it  enters  through  h  and 
leaves  through  A";  it  can  thus  be  cooled  once  more  by  water 
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mnniiig  outside  all  over  the  apparatus.  The  cooler  need  npt  be 
placed  helow  the  dissolver  A^  but  may  be  alongside  of  it^  since  the 
liquids  have^  in  any  case^  to  be  forced  onward  by  compressed  air 
or  carbonic  acid. 

The  pipes  must  be  constantly  tested  for  their  tight  state,  by 
trying  for  NH3  in  the  cooling-water  with  Nessler's  reagent. 

It  appears  that  recently  the  Solvay  works  have  abandoned  the 
fonner  constructions  patented  by  Solvay,  and  haye  returned  to 
plain  pipe-coolers,  without  inner  pipes,  consisting  of  20  superposed 
tiers  of  9  pipes  each  on  the  horizontal  plane ;  in  these  the  ammo- 
niacal  brine  travels  from  the  bottom  upwards,  the  whole  system 
being  cooled  by  a  stream  of  water  running  down  on  the  outside. 

Fassbender  (comp.  p.  31)  calculates  the  cooling  surface  for 
ammoniacal  brine  required  for  producing  10  tons  of  soda-ash  per 
24  hoars  at  70  square  feet,  assuming  a  maximum  temperature  of 
48°  C.  for  the  liquid  and  20°  C.  for  the  cooling- water,  with  a  con- 
s;amption  of  8  tons  of  water  per  hour. 

Sometimes  very  troublesome  crusts  are  formed  in  these  coolers, 
up  to  4  inches  thick.  Eeinitzer  (Zsch.  f.  angew.  Ch.  1893,  p.  446) 
fomid  such  crusts  composed  according  to  the  formula 

NajCOa,  MgC08,NaCl. 

Veiy  similar  crusts  had  been  previously  observed  by  Leighton 
(Chemical  News,  Ivii.  p.  8),  and  by  Cooke  in  1886.  Pennock 
subsequently  found  crusts  corresponding  to  the  formula 

MgCOs,  NajCOs ; 

these  had  been  formed  at  somewhat  lower  temperatures  (Chem. 
Trade  Journal,  1893,  xii.  p.  191).  Although  there  was  but  very 
Httle  magnesia  in  the  brine  (which  contained  4*54  grams  CaS04, 
2-14  CaCI,,  0*586  MgClj,  290-0  NaCl  per  litre),  crusts  J  inch 
iMck  were  formed  in  four  months. 

This  shows  that  the  magnesia  should  be  removed  as  thoroughly 
u  possible  before  the  brine  enters  the  saturator. 
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CHAPTER  III. 

PRODUCTION  OF  CAJIBONIC  ACID. 

lATne^kilns. 

The  carbonic  acid  required  in  the  ammonia-soda  manufacture  \9 
obtained  from  two  sources: — in  the  first  place^  from  the  conversion: 
of  the  bicarbonate  into  monocarbonate :  this^  theoretically^  would! 
jrield  half  the  CO3  required ;  but  since  the  COj  of  the  bicarbo- 
nate cannot  be  recoyered  completely^  the  much  larger  portion  of 
carbonic  acid  must  be  procured  in  another  way^  which  is  at  once 
afforded  by  the  burning  of  the  lime  required  for  recoYcring  the- 
ammonia. 

The  lime-kilns  are  of  the  usual  upright  kind,  contracted  at  the^ 
bottom  part,  with  an  iron  shell.  They  were  formerly  built  with 
lateral  fire-places,  so  that  only  the  flame  proceeding  from  the 
fuel  came  into  contact  with  the  limestone.  This  kind  of  kiln, 
which  is  frequently  used  for  the  production  of  lime  for  building- 
purposes  and  for  that  of  CO^  in  sugar- works,  has  not  been  found 
to  answer  for  the  present  purpose,  where  the  gas  must  contain  the- 
greatest  possible  amount  of  CO3.  It  has  been  universally  pre- 
ferred  to  return  to  the  old  plan  of  burning  the  lime  by  charging 
the  limestone  mixed  with  coke  (bituminous  coal  is  entirely 
excluded  here).  In  this  case  the  fuel  is  more  completely  utilized, 
and  consequently  the  gas  is  richer  in  CO^  than  with  less 
favourable  combustion.  Of  course  such  plain  kilns  are  cheaper 
to  build,  to  keep  in  repair,  and  to  work  than  more  complicated 
forms.  The  only  drawback  is  that  the  ashes  of  the  fuel  remain, 
mixed  with  the  quicklime ;  but  this  is  of  no  consequence,  as  the 
lime  is  used  up  on  the  spot,  and  anything  remaining  for  sale  can 
easily  be  picked  clean. 

Annular  kilns  do  not  appear  to  be  adapted  for  this  purpose  ; 
but  this  is  probably  not  the  case  with  the  Dietzsch  kUn,  which  has- 
proved  a  great  success  in  the  manufacture  of  Portland  cement. 
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The  limestone  employed  should  be  of  good  quality.  In  many 
locsUties  it  can  be  procured  containing  98  per  cent.  CaCOs  and 
yidJdng  95  per  cent.  CaO.  A  supply  of  good  and  cheap  lime- 
stone is  an  important  factor  when  planning  an  ammonia-soda  works. 
Some  analyses  of  limestone  are  given  in  Vol.  II.  p.  486.  The 
chemical  analysis  is  generally  very  simplified  in  this  case.  Gene- 
rally it  is  only  tested  for  what  is  insoluble  in  dilute  hydrochloric 
add  and  for  calcium  carbonate^  the  latter  most  conyeniently  and 
4)iii<^ly  in  Lunge  and  Marchlewski's  gas-volumetric  apparatus^ 
Vol.  n.  p.  113 ;  or  else  alkalimetrically  by  dissolving  1  gram 
limestone  in  25  c.  c.  standard  hydrochloric  acid^  and  retitrating 
with  standard  soda  solution.  If  n  c.  c.  of  the  latter  have  been  used^ 
£(25— »)  indicates  the  percentage  of  CaCOs-  Any  magnesia 
present  is  in  this  case  calculated '  as  lime ;  but  this  is  quite 
Jidmisuble  in  the  present  case^  more  particularly  as  very  little  of 
it  oocors  in  ordinary  limestone^  and  magnesian  limestone  is 
not  applicable  for  this  industry. 

The  quantity  of  coke  to  be  charged  with  the  limestone  neC3ssarily 
depends  in  the  first  place  on  its  quality,  but^  apart  from  this^ 
varies  greatly  in  difierent  works.  Schreib  (Chem.  Zg.  1890^ 
fL  490)  quotes  28  coke  for  100  quicklime  with  long-flame  kilns,  or 
28  coke  when  directly  charged  with  the  limestone,  the  latter 
yielding  better  gases.  Others  charge  from  12  to  14  coke  for 
each  100  of  raw  limestone,  which  amounts  much  to  the  same 
^hing.  In  the  cost  accounts  to  be  quoted  later  on  much  more 
coke  is  mentioned,  but  this  is  probably  owing  to  its  being  partly 
intended  for  use  in  calcining  the  soda. 

In  a  more  recent  publication  (Chem.  Zg.  1894,  p.  1947),  Schreib 
gives  much  lower  figures,  viz.,  from  15  to  at  most  20  parts  coke 
lor  100  quicklime,  equal  to  8*4  to  11*2  coke  for  100  lime- 
stone. The  lower  of  these  values  so  nearly  approaches  the 
theoretical  minimum  of  13*1  coke  for  100  CaO,  calculated  by 
Umself^  that  it  seems  doubtful  whether  it  is  practically  attainable. 

The  coke  is,  of  course,  all  the  better  the  less  ashes  and  sulphur 
il  oontaina.  Oven-coke  is  in  this  case  less  suitable  than  gas-coke, 
whidi  is  more  porous  and  much  cheaper. 

Theoretically  106  parts  of  pure  sodium  carbonate  require  the 
C0|  and  the  CaO  of  100  CaCOs,  or  100  parts  98  per  cent,  soda-ash 
xequire  about  100  parts  good  limestone.    This  supposes  that  all  the 
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COs  evolved  in  caldning  the  bicarbonate  returns  into  the  process^ 
that  the  COj  in  the  carbonators  is  entirely  used  up^  and  that  the 
ammonium  chloride  is  decomposed  by  the  theoretical  quantity  of 
lime ;  also  that  the  CaCOs  is  completely  split  up  into  CaO  and  COj. 
None  of  these  suppositions  is  practically  realized  or  nearly  so.^ 
Under  all  circumstances  much  more  limestone  is  consumed  than 
the  weight  of  the  alkali  produced.  Since  the  recovery  and 
utilization  of  the  CO^  is  even  less  complete  than  the  action  of  the 
CaO  in  decomposing  the  NH4C1^  as  a  rule  considerably  more  lime 
must  be  burnt  in  order  to  obtain  the  requisite  amount  of  CO^ 
than  is  required  for  recovering  the  ammonia.  This  excess  of  lime 
is  easily  used  up^  where  caustic  soda  is  manufactured,  otherwise  it 
must  be  utilized  in  a  different  way. 

The  quantity  of  limestone  consumed  for  100  parts  of  soda-ash 
is  very  differently  stated  in  the  cost  accounts  quoted  later  on. 
Schreib^  in  1890,  stated  it=:200  to  250  parts.  In  1892  he  stated 
it  as  150  to  190,  or  on  an  average  170  parts.  I  can  confirm 
from  a  thoroughly  reliable  source  that  170  parts  suffices  in  well- 
conducted  factories,  but  this  amount  is  frequently  very  much 
exceeded.  From  the  analyses  of  the  waste  liquor  at  La  Madeleine, 
to  be  quoted  hereafter,  we  may  conclude  that  they  there  ran  to 
waste,  on  an  average,  25  calcium  hydrate  (=33*8  CaCOs)  and 
5  CaCOsfor  each  25  CaCl,  (=225  CaCOj);  they  thus  lost  88  8 
limestone  for  each  22*5  CaCOs  utilized,  and  they  must  have  con- 
sumed 270  limestone  for  100  soda-ash,  in  lieu  of  100  limestone  I 
It  is  true  that  those  analyses  (by  Jurisch)  do  not  inspire  much 
confidence,  but  at  all  events  the  waste  must  have  been  very  great 
there*  But  I  have  ceased  to  rely  on  such  statements  as  this 
which  I  have  met  with :  that  100  soda  can  be  made  with  60  lime 
s  107  limestone,  for  this  is  too  near  the  theoretical  limit.  We 
may  state  now  (1894)  a  consumption  of  120  to  130  limestone  to 
be  exceptionally  good,  and  150  to  170  as  being  the  average. 

If  the  lime-kilns  supply  occasionally  or  on  the  average  more 
carbonic  acid  than  is  required  in  the  manufacture  and  taken  away 
oy  tiiC  air-pumps,  the  excess  is  allowed  to  escape  into  the  air  by  an 
open  pipe.  There  is  no  fear  of  air  being  drawn  in  through  this, 
pipe,  as  there  is  always  a  certain  outward  pressure  in  it. 

In  order  to  obtain  gas  containing  at  least  30  per  cent.  COj,  as- 
18  highly  desirable  for  this  manufacture,  in  the  first  instance 
the  kilns  are  made  very  large,  so  that  the  oxygen  of  the  air  i» 
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completely  utilized.  The  best  size  is  from  33  to  40  feet  high  or 
even  more,  and  7  to  10  feet*  wide  inside^  with  a  minimum  con- 
aumption  of  15  tons  limestone  per  day.  Care  must  also  be  taken 
that  the  coke  is  completely  consumed  before  the  charges  arrive  at 
the  diachai^ing-holes  at  the  bottom^  so  that  the  lower  part  of  the 
kiln  is  cold. 

In  the  case  of  very  tall  kilns,  the  upper  part  is  not  so  hot  as  the 
lower  portion,  because  the  oxygen  of  the  air  is  already  used  up 
and  the  coke  cannot  take  fire ;  the  heat  of  the  gases  is  therefore 
partly  spent  in  heating  up  the  charges,  which  both  causes  a 
saving  of  fuel  and  less  dilution  of  the  gas  given  off  by  the  lime- 
stone with  the  products  of  the  combustion.  Of  course  this  must 
not  go  80  far  that  carbon  monoxide  is  formed.  The  materials 
should  be  charged  as  dry  as  possible,  so  as  to  reduce  the  consump- 
tion of  fuel  and  increase  the  richness  of  the  gas. 

In  consequence  of  no  extra  fire-places  being  provided,  the  work 
is  simpler  and  repairs  are  slight.  With  such  large  kilns  the 
gas  is  not  merely  richer  in  carbonic  acid,  through  the  complete 
consumption  of  the  atmospheric  oxygen,  but  its  composition  ia 
more  uniform,  in  spite  of  the  inevitable  disturbance  in  charging 
and  discharging. 

lime-kilns  serving  for  our  purpose  must  have  a  closed  top,  and 
one  or  more  gas-outlets  below  the  cover.  The  limestone  ia 
charged  throogh  man-holes  at  the  top,  with  well-fitting  covers. 
The  shape  of  such  a  kiln  will  be  understood  from  figs.  12  to  15. 
a  is  the  man-hole  cover  with  its  lever  (enlarged  in  figs.  14  &  15) ; 
h^  b  the  outlets  for  gas  which  collects  in  the  annular  channel  c,  c, 
sod  is  carried  away  by  pipe  (!;€,€  discharging-holes  for  quick- 
lime, of  the  older,  simple  kind. 

Private  communications  from  Mr.  H.  Schreib  give  the  subjoined 
information  on  lime-kilns  used  by  himself.  Fig.  16  represents  a 
kiln  38  feet  high,  9  feet  4  inches  inside  diameter  at  the  wider  part, 
and  6  feet  at  the  mouth,  with  a  charging-hole  2  feet  8  inches  wide,, 
an  iron  shell  ^  inch  thick,  an  insulating  layer  of  4  inches,  and  a  fire- 
brick lining  15  inches  thick.  It  furnishes  in  24  hours  from  11  to 
13  tons  quicklime,  according  to  the  quality  of  the  limestone. 
Coarse-grained  limestones,  containing  98  per  cent.  CaCOg,  are  best 
to  bom,  some  of  them  even  in  large  lumps;  poorer  stone  requires 
more  coke  and  yields  poorer  gas.  Some  stones  burst  in  the  kilns 
irith  a  loud   report  and  cause  obstructions:  these  can  only  be 
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burnt  in  periodically  and  slowly  worked  kilns,  and  are  therefore 
useless  for  our  purpose. 

In  the  case  of  kilns  supplying  from  10  to  15  tons  of  quicklime 
in  24  hours,  Schreib  calculates  an  output  of  from  15  to  22  lbs. 
Fig.  16. 
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qoicklime  daring  24  hours  per  cubic  foot  of  the  total  kUn  space, 
or  from  19  to  25  lbs.  per  cubic  foot  of  the  available  cubic  space. 

The  shape  shown  in  fig.  17  furnishes  about  as  much  work  as 
the  former,  but  it  is  narrower  (7  feet  inside  diameter  in  the  widest 
parts)  and  higher  (43  feet).  Such  kilns  have  proved  very  suc- 
cessful, and  with  these  the  consumption  of  coke  has  been  reduced 
to  from  18  to  20  parts  for  100  quicklime ;  whereas  the  kilns  with 
tide  fires,  formerly  used  in  the  same  place,  required  from  25  to  30 
parts  of  coke.  With  large  kilns,  furnishing  from  15  to  20  tons 
CaO  per  day,  it  is  possible  to  go  down  to  as  little  as  16  coke 
for  100  Ume,  on  the  supposition  of  careful  work  and  constant 
analytical  control,  to  prevent  the  presence  of  either  oxygen  or 
carbon  monoxide  in  the  gas.  The  men  obtain  a  good  idea  of  the 
process  by  watching  the  heat  through  peep-holes  in  the  sides  of 
the  kUn. 

The  charging  is  most  conveniently  performed  by  first  tipping  a 
barrow-load  of  coke,  and  then  from  5  to  7  barrow-loads  of  lime- 
stone. The  quicklime  is  best  drawn  out  at  the  bottom  almost 
continnouBly,  in  order  to  obtain  gas  of  high  and  regular  strength. 
This  is  easier  with  the  high  shape,  fig.  17. 

Both  shapes  must  be  provided  with  a  chimney,  to  produce 
draught  during  the  stoppages  of  the  pump. 

The  discharging  of  the  quicklime  is  most  conveniently  per- 
formed where  the  bottom  of  the  kiln  is  provided  with  a  large  grate, 
on  which  the  whole  contents  of  the  kiln  are  supported,  and  by  the 
shaking  (tf  which  the  bottom  portions,  which  are  burnt  out,  fall 
down  into  the  ash-pit,  through  which  at  the  same  time  the  neces- 
sary air  is  admitted.  This  can  be  done  almost  continuously  with 
la^  kilns.  A  grate,  indeed,  is  not  absolutely  required,  the 
bottom  layer  of  quicklime  serving  as  such,  but  a  real  iron  grate  is 
preferable,  as  it  is  then  possible  to  run  an  iron  barrow  on  rails 
underneath  the  grate  and  to  drop  the  lime  directly  into  this. 

In  any  case  the  kiln  proper  rests  on  short  cast-iron  columns  and 
girden,  like  a  blast-furnace,  so  that  the  space  below  is  accessible. 

Solvay  (Engl.  pat.  13322,  1887)  describes  a  lime-kiln  provided 
vith  an  air-blast  and  a  mechanical  discharging  arrangement. 

The  minimum  percentage  of  CO^  in  the  gas  in  the  case  of  large 
loins  is  30  per  cent.,  but  it  may  rise  to  32  per  cent.  Sometimes 
practical  men  assert  that  they  get  gas  of  35  per  cent,  and  upwards. 
This  is,  however,  probably  deceptive,  and  may  be  caused  by 
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iinalyzing  gas  mixed  with  COs  from   the   soda  calcineis.     It  is 
nowadays  usual  to  calculate  one  part  of  coke  to  seven  of  lime- 
stone.    If  we  assume  only  5  per  cent,  of  the  limestone  to  be 
deducted  for  impurities  and  unbumt  stone   (which  is  certainly 
not  too  much),  and  a  percentage  of  90  carbon  in  the  coke,  and  if 
V  ^         we  neglect  the  moisture  contained  in  the  materials  and  the  air, 
c^  o      \  ^culation  yields  the  following  quantities   of  gas,  reduced  to 
.<^  ^  0*^  C.  and  760  millim.  pressure,  for  a  unit  of  100  kilog.  coke : — 

o  ^   ^   \  .  ^  kil.     cub.  metres. 


O   + 


f-    - 


700x44x95 


•'  ..    ,  700  kil.  limestones  "v:,;;^     kil.  COa=292'6  =  14882 

^^^o  '100x100 

100,,     coke         =^2^2^^   „     „    =830-0=167'85 

Total  carbonic  acid  316-67 

T.,.^              167-85  X  79-5  ftKnrzi 

Nitrogen     ^^ 650  74, 

Total  volume  of  gases  967*41 

Which  means  that  the  gas  in  the  dry  state  would  contain  32*4  per 
«ent.  CO2  by  volume,  and  in  reality  rather  less  in  consequence  of 
the  varying  state  of  moisture.  Less  than  one  part  of  coke  to 
«even  of  limestone  will  be  rarely  employed,  but  frequently  more ; 
with  1  coke  to  6  limestone  the  gas  would  only  attain  29*5  volume 
per  cent.  COs  in  the  dry  state.  In  order  to  obtain  a  35  per  cent, 
^as,  no  more  coke  than  1  part  to  9  limestone  must  be  burnt, 
and  no  false  air  whatever  must  penetrate  into  the  kiln,  which  is 
certainly  a  very  exceptional  matter. 

Jarmay  (Engl.  pat.  4415, 1883)  proposes  producing  stronger  gas 
by  heating  the  lime-kilns  with  water-gas,  and  burning  this  with  a 
just  sufficient  quantity  of  air. 

In  one  of  Solvay's  patents  he  describes  the  production  of  purer 
carbonic  acid  by  injecting  steam  into  a  lime-kiln,  whereby  the 
well-known  reaction  between  red-hot  calcium  carbonate  and  steam 
takes  place.  '^  The  injection  of  steam  should  be  strong  enough  to 
prevent  the  entrance  of  air  into  the  kiln.'^  This  is  to  be  done 
at  intervals^  and  the  stronger  gas  thus  produced  is  to  be  utilized 
for  the  last  stage  of  carbonation.  I  have  not  found  this  process 
applied  at  any  works  I  have  seen,  and  I  do  not  think  it  is  done 
•elsewhere. 

The  testing  of  the  lime-kiln  gases  is  usually  confined  to  the 
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estimation  of  COj^  which  can  be  done  in  any  o£  the  multifarious 
gas-burettes  or  other  apparatus  for  technical  gas-analysis^  also  in 
the  oldest  of  these^  fVinkler^s  gas-burette.  This  simple  operation 
is  described  in  all  text-books. 

If  sulphurous  acid  is  to  be  estimated  as  well,  this  must  be  done 
in  a  separate  sample,  by  treating  it  with  iodine  solution,  either 
according  to  the  general  methods  of  technical  gas-analysis  or  by 
Reich's  method.  Vol.  I.  p.  324. 

The  quicklime  is  mostly  employed  for  recoyering  the  ammonia 
from  the  mother  liquor  in  the  manner  to  be  described  in  Chap.  YI. 
Where  caustic  soda  is  manufactured,  it  is  used  for  this  purpose  as 
well.  Its  analpis  is  confined  to  the  estimation  of  free  CaO  by 
titrating  with  standard  oxalic  acid  and  phenolphthalein  to  the 
point  where  the  pink  colour  is  discharged,  and  to  that  of  the  CO^ 
present,  either  by  the  gas-volumetric  method  (comp.  p.  37)  or  by 
the  difference  between  the  titration  with  oxalic  acid  and  that  with 
an  excess  of  standard  hydrochloric  acid,  and  re-titration  with 
caustic-soda  solution :  details.  Vol.  II.  p.  744.  With  good  burning 
the  COs  can  be  reduced  to  I  or  2  per  cent. 

The  sampling  must  be  done  sufficiently  quick  to  prevent  the 
absorption  of  carbonic  acid  and  moisture  from  the  air;  the  largo 
sample  must  be  quickly  broken  up  and  mixed,  to  obtain  the  small 
sample  for  analysis,  which  must  be  kept  in  well-corked  tubes. 

Washing  the  Lime-kiln  Gas. 

The  gases  taken  away  from  the  lime-kilns  must  be  cooled  and 
washed,  and  that  under  all  circumstances  before  they  enter  the 
air-pump,  to  prevent  any  damage  to  this.  The  washing  must 
both  mechanically  remove  the  large  quantity  of  dust  carried  away 
from  the  kiln,  and  must  also  retain  the  SO2  originating  from 
the  coke  as  much  as  possible ;  it  must  also  assist  in  the  cooling. 

According  to  my  experience,  the  dust  is  best  kept  back  by 
forcing  the  gas  to  bubble  through  a  column  of  water,  which  need 
not  be  deeper  than  2^  inches. 

Fig.  18  shows  a  washer,  consisting  of  a  cylinder  with  three 
horizontal  perforated  partitions  a,  a,  provided  with  overflows  A,  i. 
The  gas  arrives  through  pipe  c,  divides  itself  among  the  holes  old, 
and  rises  through  those  of  the  partitions  a,  a.  The  water  arrives 
through  e,  runs  into  the  basin  /,  and  from  this  onto  the  top 
partition  a;  part  of  it  then  descends  in  the  shape  of  drops  from  the 
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holea,  another  part  by  the  overflow,  from  oae  partition  to  the 
other,  and  at  last  issues  at  jr.     A  column  of  water  of  a  certain 


height  is  kept  on  each  partition  by  the  pressure  of  the  gas  issuing 
from  below,  so  that  the  gas  must  bubble  through  the  water  and 
give  up  both  the  dust  and  the  SOj. 

Another  washer  is  shown  in  fig,  19.  In  the  long  injection- 
tube  A,  a  rose  b  is  placed.  A  is  continued  at  the  bottom  into  the 
bell  B,  provided  with  lai^r  holes,  from  which  the  injected  water  runs 
into  the  vessel  C,  with  an  overflow  d,  whilst  the  gas  enters  through 
D  into  E.  Here  it  must  pass  a  layer  of  limestone,  supported  on 
a  false  bottom,  to  better  retain  the  SOj.  Here  also  water  con- 
stantly enters  and  runs  out  again  into  spout  e  by  the  overflow  d. 
The  washer-gas  passes  on  through  F. 


VASaiNQ  UUE-EILM  GAS. 
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Air-pumps, 

The  pumping  of  the  gas  from  the  kibis  and  into  the  carbonators- 
is  performed  by  apparatus  of  very  different  kind,  according  to  the 
pressure  to  be  oyercome.  The  high  Solvay  towers  require  powerful 
blowifig-enffines,  similar  to  those  employed  for  blast-fumaoes,  but 
adapted  to  much  greater  pressure.  They  were  formerly  con- 
structed for  wet  work,  especially  by  English  engineering  works, 
and  consequently  suffered  a  good  deal  by  the  small  quantity  of 
sulphurous  acid  unavoidably  remaining  in  the  gas.  This  is  hardly 
felt  in  the  air-compressors  made  by  Burckhardt  &  Co.,  of  Basel, 
which  work  dry  and  very  economically,  by  reducing  the  dead 
space  to  a  minimum. 

The  compression  of  the  gas  in  the  blowing-engines  evolves  much 
heat,  which  must  be  carried  away  by  causing  the  gas,  as  it  comes 
from  the  compressor,  to  pass  through  cylinders  in  ..hich  crater  is 
injected ;  the  water  is  separated  from  the  gas,  which  is  now  ready 
for  the  carbonators  or  other  uses. 

Solvay  proposed  to  perform  the  cooling  of  the  compressed  ga» 
partly  by  its  re-expansion,  which  is  to  be  utilized  as  mechanical 
work,  by  combining  with  the  air-cylinder  another  cyUnder,  the 
pistons  being  mounted  on  the  same  rod.  The  gas  compressed  in 
the  first  cylinder  enters  into  the  second,  acts  in  this  as  motive 
force,  expands  thereby,  and  is  cooled  at  the  same  time.  Of  course 
the  expansion  must  not  be  driven  so  far  as  to  leave  insufficient 
tension  for  employment  in  the  carbonators,  but  the  cooling  is 
performed  free  of  expense.  [This  reasoning  and  the  invention 
based  upon  it  are  quite  erroneous.  The  motive  power  gained  in 
the  second  cylinder  must  be  employed  as  an  excess  in  the  first 
cylinder,  and  the  evolution  or  absorption  of  heat  must  go  quite 
parellel  to  the  mechanical  work,  so  that  in  the  end  the  gas 
will  have  the  same  degree  of  heat  as  it  would  have  if  directly 
compressed  to  the  tension  remaining  in  the  second  cylinder.  The 
only  gain  will  be  the  cooling  by  the  surface  of  the  second  cylinder; 
but  there  will  be  more  friction  and  more  loss  of  power,  so  that 
there  is  no  saving  in  the  cost  of  cooling.] 

For  carbonating  apparatus  worked  with  low  pressure  the  cheapest 
is  no  doubt  a  fan- blast;  but  this  cannot  be  worked  at  a  higher 
pressure  than  about  18  inches,  unless  two  of  them  are  combined 
in  series. 
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Apart  from  the  lime-kiln  gas^  the  carbonic  add  formed  on  cal~ 
cining  the  bicarbonate  is  always  utilized  again  in  the  manufacture. 
In  theory  this  gas^  after  condensing  the  water^  ought  to  be  pure 
carbon  dioxide ;  but  it  is  actually  far  from  this^  and  contains  at 
most  50  per  cent.  CO9.  This  is  certainly  much  stronger  than  the 
best  lime-kiln  gas ;  many  patents  describe  it  as  extremely  useful 
for  finishing  the  last  stage  of  carbonation,  and  direct  it  to  be 
introduced  only  occasionally  in  certain  places.  But,  so  far  as  I 
know»  this  is  not  actually  carried  out;  these  gases  are  simply 
mixed  with  the  lime-kiln  gases.  Probably  they  are  on  the  average 
not  much  richer  in  CO^than  lime-kiln  gases,  as  much  air  is  drawn 
into  the  calciners  on  pumping  the  gas  away. 

The  quantity  of  carbonic  add  required  and  the  dimensions  of  the 
fmmps  and  engines  are  calculated  by  Fassbender  in  Zsch.  f .  angew* 
Chem.  1893,  p.  256,  with  the  following  final  results: — A  daily 
production  of  10  metrical  tons  of  soda-ash,  taking  account  of 
losses  in  working,  requires  the  equivalent  of  11  tons  of  100  per 
cent.  NaxCOa.  This  is  equivalent  to  9132  kil.  CO,  per  day,  or 
380*5  kil.  CO)  per  hour ;  but  as  the  expulsion  of  CO,  in  the  still 
is  not  quite  perfect,  we  must  assume  400*5  kil.  The  soda-calciner 
yields  per  hour  190*25  kil.  COaj  but  only  half  this  is  drawn  out 
by  the  pump,  and  10  per  cent,  is  not  absorbed  in  the  carbonators,. 
so  that  only  80'5  kil.  is  left  as  available,  and  the  lime-kiln  gas 
most  furnish  the  difierence :  4005 -80-5= 320  kil.  COj.  Where 
working  with  30  per  cent,  gas,  the  exit-gas  from  the  carbonators 
normally  contains  3  per  cent.,  while  27  per  cent. =270  litres  CO^ 
per  cubic  metre  of  gas  is  utilized.  A  litre  of  COs  at  25°  and  740 
millim.  pressure  weighs  1*752  grams ;  1  cubic  metre  lime-kiln  gas- 
therefore  contains  270xl*752=:473'04  grams  available  COs,  and 
320  kiL  CO3  corresponds  to  676*5  cubic  metres  lime-kiln  gas  of 
25°  and  740  millim.  pressure.  This  quantity  -must  be  increased 
by  diat  required  for  raising  liquids  and  for  mechanical  absorption,. 
so  that  we  arrive  at  712  cub.  metr.  per  hour  or  197*8  litres  per 
second.  With  an  efficiency  of  0*85  the  piston  in  the  compressor 
must  work  at  the  rate  of  232*6  litres  per  second.  Assuming  40 
strokes  per  minute,  this  means  a  velocity  of  1*2  metres  (=47^ 
inches)  for  the  piston-rod,  with  a  sectional  piston-area  of  0*194 
sq.  metre  (=800*7  square  inches). 

In  order  to  calculate  the  dimensions  of  the  steam-engine  and 
the  quantity  of  steam,  we  must  take  account  of  the  resistance  to 
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be  OTercome.  This,  in  the  case  assumed  by  Fassbender^  amounts 
to  1'83  atmospheres  for  the  carbonating-tower^  and  0-21  atmo- 
sphere for  the  three  washers  (for  soda-ash,  water^  and  acid) ; 
further  0*46  atmosphere  for  firiction  in  the  pipes^  valves^  &c. ;  total 
2'5  atmospheres.  With  the  before-assumed  dimensions  of  the  pump^ 
this  is  equal  to  45*8  indicated  H.P.  at  the  pump^  or^  putting  the 
efficiency  =0*80^  56*6  indicated  H.P.  at  the  steam  engine,  when 
assuming  the  medium  steam-tension  at  the  inlet  =6  atmospheres 
and  at  the  exhausts  1*63^  the  latter  being  assumed  on  account  of 
utilizing  the  steam  in  the  ammonia-stills. 

The  above  work  can  be  performed  by  a  steam-cylinder  of 
0*440  metre  diameter  (s=s  17*325  inches)  and  0*900  metre  stroke 
(=11*81  inches)^  at  40  strokes  per  minute  and  a  cut-off  at  one 
third  of  the  stroke.  The  quantity  of  steam^  inclusive  of  losses^  at 
27*2  kilog.  (=60  lbs.)  per  indicated  H.P.  per  hour,  is  =1538  kil. 
or  3384  lbs.,  of  which  1096  kil.,  with  a  tension  of  1*63  atmospheres^ 
^o  to  the  ammbnia-stills. 

Preparation  of  pure  Carbonic  Acid.  . 

According  to  the  experience  hitherto  gained,  the  impure  car- 
bonic  acid  obtained  as  lime-kiln  gas,  especially  after  receiving  the 
purer  gas  obtained  on  calcining  the  bicarbonate  in  suitable  appa- 
ratus, is  quite  sufficient  for  the  ammonia-soda  manufacture.  The 
increased  expense  for  preparing  entirely  or  nearly  pure  carbonic 
acid  can  hardly  be  expected  to  be  warranted  by  its  better  action, 
and  is  practically  so  far  nowhere  incurred.  We  shall,  however, 
make  a  short  enumeration  of  the  methods  proposed  for  preparing 
such  pure  CO^,  apart  from  those  destined  in  the  first  instance  for 
converting  the  bicarbonate  into  soda-ash,  which  will  be  described 
in  the  5th  chapter. 

I.  Preparation  of  pure  Carbonic  Add  by  the  action  of  superheated 
steam  on  calcium  carbonate  (or  other  earthy  carbonates). 

Boulouvard  (p.  29)  at  first  prepared  his  CO3  by  this  well-known 
method,  but  soon  abandoned  it.  Grouven  (Germ.  pat.  26248)  and 
Leplay  (Germ.  pat.  28757,  29153)  describe  special  forms  of  this 
method,  especially  for  the  use  of  sugar- works. 


PREPABATION  OF  PURE  CARBONIC  ACID.  51 

II.  Various  Processes. 

Parnell  and  Simpson  (Engl.  pat.  No.  46,  1886)  produce  pure 
COj  by  heating  ammonium  bicarbonate  (comp.  Stb  chapter). 

Fawsitt  (Joum.  Soc.  Chem.  Ind.  1885,  p.  92)  proposes  to  use 
the  carbonic  acid  from  fermentation-processes  for  the  ammonia- 
soda  manufacture. 

Knoop  (French  pat.  215329)  proposes  decomposing  carbonates 
at  a  whit«  heat  by  causing  them  to  pass  downwards  in  the  annular 
space  between  two  concentric  cylinders. 

Deacon  (communication  from  Amois,  Engl.  pat.  10759,  1887) 
passes  water-gas  through  heated  oxide  of  manganese  or  iron, 
whereby  it  is  burnt  to  HjO  and  CO2 ;  after  condensing  the  former 
by  cooling,  pure  COj  remains  behind.  The  metallic  oxides  are 
•continually  regenerated  by  passing  hot  air  through  them. 

Compare  also,  in  the  5th  chapter,  Staub's  process  for  decom- 
posing sodium  bicarbonate  by  ammonia,  with  liberation  of  pure 
CO,  (Germ.  pat.  45107). 

Claus  (Engl.  pat.  15173,  1888)  utilizes  the  same  reaction,  viz. 
expelling  the  CO,,  and  retaining  the  NH3,  which  escapes  at  a 
higher  temperature,  by  condensing  it  with  water ;  he  thus  pro- 
duces pure  CO,  by  the  application  of  ammonium  carbonate. 
Schloesing  and  Holland,  many  years  before,  had  done  much 
the  same  thing  (p.  6) ;  also  Parnell  and  Simpson  (comp.  Chapter 

vni.). 

Margueritte  (French  pat.  57293,  1863)  places  equal  quantities 
of  ammonium  carbonate  in  two  apparatus ;  in  one  of  these  NaCl 
is  dissolved,  in  the  other  sulphuric  or  hydrochloric  is  used  for 
driving  out  the  CO,  and  passing  it  into  the  first  apparatus, 
in  order  to  produce  NaHCOj.  Hardly  less  costly  than  this 
proposal  seems  to  be  another,  to  obtain  the  CO,  by  igniting  a 
mixture  of  coal  and  copper  oxide  in  a  cast-iron  retort,  and  to 
recoyer  the  spent  oxide  by  calcining  it  in  a  current  of  air. 

German  patents  for  preparing  CO,  by  heating  carbonates  in  the 
state  of  powder  are  those  by  Schiitz  (No..  79311)  and  Knoop 
(No.  79407). 

IIL  Preparing  pure  Carbonic  Acid  by  absorbing  impure  CO,  in  a 
solution  of  sodium  carbonate^  and  decomposing  the  solution  by 
boiling. 

The  nature  of  this  process  is  this : — On  treating  a  solution  of 
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sodium  carbonate  with  gases  containing  CO},  sodium  bicarbonate- 
is  formed  and  the  inert  gases  are  removed.  On  boiling  the- 
solution  pure  CO^  escapes^  and  the  remaining  solution  of  NajCOr 
need  only  be  eyolved  to  serve  over  again  in  the  first  stage.  Thifr 
process  was  proposed  many  years  ago^  e.  g*  in  1854,  by  Deacoa- 
(No.  1504),  and  in  1864  by  Ozouf  (No.  1498),  and  since  tbbn 
has  been  repeatedly  suggested.  Its  technical  possibility  must 
be  founded  upon  utilizing  the  heat  of  the  boiled-out  solution  of 
sodium  carbonate,  as  well  as  that  of  the  COs  and  the  steam, 
escaping  for  heating  up  the  solution  of  bicarbonate  in  the  most 
rational  manner. 

Among  the  numerous  later  inventors  who  propose  special  forms* 
of  this  reaction,  I  mention  the  following : — 

Gossage  (Engl.  pat.  1442,  1872). 

Fassbeuder  (Germ.  pat.  36702),  who  causes  lime-kiln  gas  to* 
meet  the  solution  of  Na2C08  in  a  column  apparatus,  and  separates- 
the  CO3  from  it  by  diminishing  the  pressure. 

Luhmann  (Engl.  pat.  9171, 9646, 10158  of  1891 ;  6931  of  1892) 
describes  an  ingenious  but  complicated  apparatus,  as  also  do* 
Behnke,  Hell,  and  Sthamer  (Germ.  pat.  76130),  and  Hess  (Germ., 
pat.  77377). 

RommenhoUer  first  takes  a  French  patent  for  the  old  reaction 
of  Ozouf,  &c.  (No.  213958),  then  another  for  employing  sodiumt 
phosphate,  Na^HPO^,  as  the  absorbing  agent ;  it  is  converted  by 
COs  into  NaHsP04  and  NaHCOs,  t^d  this  mixture  is  decomposed 
by  heating  into  COj  and  recovered  Na3HP04. 
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CHAPTER  IV. 

PEECIPITATION  OF  SODIUM  BICARBONATE  BY  THE 

CARBONATING  PROCESS. 

The  Solvay  Tower. 

The  first  apparatus  constructed  by  Solvay^  which .  worked  too 
slowly,  was  by  the  patent  of  1872  replaced  by  the  well-known 
-carbonating-tower^  which  is  mostly  identified  with  the  Solvay 
process  before  eyerytfaing  else^  and  forms  a  salient  outward  feature 
of  all  works  which  have  adopted  his  process.  This  apparatus, 
indeed,  performs  its  function,  although  much  modified  in  details, 
at  all  works  connected  with  the  Solvay  syndicate,  and  probably 
:also  at  some  others  (the  patent  having  expired),  whereas  all  other 
principal  parts  of  the  apparatus  which  have  been  the  foundations 
of  Solvay's  reputation  and  pecuniary  success  seem  to  have  been 
abandoned. 

Fig.  20  shows  the  Solvay  tower^  figs.  21  &  22  one  of  the  cylinders 
on  a  larger  scale.  The  tower  is  built  up  from  cast-iron  cylinders 
or  drums,  formerly  of  a  diameter  of  5  feet,  and  3  feet  3  inches 
high,  as  shown  in  the  diagrams.  Nowadays  they  are  made  of  the 
«ime  height,  but  6  feet  8  inches  wide.  The  bottom  of  each  drum 
is  formed  by  a  cast-iron  disc  with  a  central  opening  1  foot  4  inches 
wide.  Over  this  is  supported  on  light  stays,  a  a,  a  sieve,  shaped 
like  a  spherical  segment,  not  quite  reaching  to  the  inner  wall 
of  the  drum,  and  thus  leaving  a  small  annular  channel  all 
round,  which  permits  the  liquid  and  the  gases  to  circulate 
«ven  when  the  holes  of  the  sieve  are  stopped  up,  and  also  allows 
the  bicarbonate  crystals  to  slide  down  on  its  curved  surface 
and  to  drop  on  to  the  next  plate.  Formerly  fifteen  such  drums 
were  superposed  over  one  another,  as  in  the  drawing,  but 
cow,  as  a  rule,  more  of  them,  up  to  twenty-five,  are  employed. 
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The  liquid  eoters  at  c  under  pressure^ 
in  the  case  of  smaller  towers  about 
midway  between  top  and  bottom^  in 
the  larger  ones  about  two-thirds  up^ 
and  fills  the  tower  to  within  10  feet  of 
the  top ;  at  d  there  is  a  branch  for  the 
upper,  empty  tower-space.  The  lime- 
kiln gas  enters  at  the  bottom  at  b^  and 
is  by  the  sieve-holes  divided  into  very 
many  bubbles,  which  unite  again  into 
a  compact  stream  in  the  large  central 
opening  in  the  bottom  of  the  next 
drum,  where  they  are  again  divided  by 
the  sieve,  and  this  is  repeated  over 
again  in  every  compartment.  In  the 
same  way  the  liquid  descending  in  the 
tower  is  divided  over  and  over  again 
and  brought  into  intimate  contact  with 
the  gas-bubbles.  At  e  the  liquid,  now 
filled  with  bicarbonate  crystals,  issues 
from  the  tower. 

Solvay  attaches  great  importance  to 
the  fact  that  the  ammoniacal  brine 
does  not  enter  into  the  tower  near  the 
top,  but  a  considerable  way  lower 
down.  If  it  entered  near  the  top,  the 
gaseous  current  would  carry  away 
much  free  ammonia,  which  is  more 
valuable  than  the  ammonium  carbo- 
nate; although,  as  we  shall  see,  that 
ammonia  would  in  no  case  escape 
unabsorbed  into  the  outer  air,  yet  its 
loss  would  impoverish  the  descending 
liquor.  Since  the  entrance  for  the 
ammoniacal  brine  is  placed  further 
down,  the  layer  of  liquid  above  this 
point  is  still  exposed  to  the  action  of 
the  gases  coming  from  below,  which 
are  certainly  much  poorer  in  CO3  than 
near  the  bottom,  but  are  still  able  to 


Fig.  20. 
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convert  mucli  free  NHj  into  normal  ammoninm  carbonate,  and 
thus  to  keep  it  baek  in  the  tower.  [This  task  is  certaiuly 
performed  in  a  very  ingenious  way  by  the  described  construc- 
tioQ,  but  it  is  more  easily  and  safely  effected  by  combining 
aereral  absorbing  apparatus  in  a  set.  As  we  shall  see,  it  is  not 
carried  throngh  in  its  original  form  at  the  Solray  works  them- 
•elrea.] 

Fig.  21. 


The  ascending  gas  has,  according  to  the  height  of  the  tower,  to 
overcome  a  resistance  of  from  1^  to  2^  atmospheres,  and  mnst.be 
furnished  by  the  blowing<engine  at  a  corresponding  pressure.    On 
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ascending^  as  the  pressure  dimiDishes^  the  gas  mnst  considerably 
expand^  and  the  mechanical  work  of  expansion  absorbs  considerable 
heat^  which  partly  compensates  the  increase  of  heat  arising  within, 
the  tower  by  the  chemical  reaction^  and  prejudicial  to  the  completion 
of  the  reaction.  This  is  also  put  forward  by  Solvay  as  one  of  the 
principal  advantages  of  his  tower.  Experience  has^  however, 
shown  that  the  necessary  cooling  can  be  attained  more  cheaply  and 
safely  in  other  ways^  and  that,  on  the  other  hand^  the  lowering  of 
the  temperature,  which  is  performed  by  the  expansion  of  the  gas 
in  the  Solvay  tower^  is  nothing  like  sufficient. 

Solvay  also  laid  much  stress  on  the  fact  that  the  gaseous  stream 
must  enter  from  below  in  sudden  jets^  and  the  liquid  must 
equally  issue  at  e  in  such  jets,  in  order  to  prevent  the  settling 
down  of  the  bicarbonate  in  special  places,  and  thus  obstructing 
the  tower.  This  method  has  not  been  found  to  answer  its  pur- 
pose efficiently,  and  it  seems  to  have  been  abandoned. 

The  utilization  of  the  carbonic  acid  is  stated  by  Pick  (Die  Alka- 
lieuj  2nd  ed.  p.  98)  to  be  almost  perfect,  so  that  the  exit-gas 
contains  hardly  anything  but  nitrogen,  and  only  in  the  case  of 
bad  saturation  or  poor  lime-kiln  gas  a  little  CO2  and  sometimes 
CO  are  found.  But  such  perfect  utilization  is  probably  very  excep- 
tional. Others,  on  the  contrary,  state  that  the  exit-gases  contain 
as  much  as  10  per  cent.  CO,  by  volume,  which  is  certainly  too  much 
according  to  present  experience.  At  specially  well  managed  works 
I  was  informed  that  the  exit-gases  tested  from  3  to  4  volumes  per 
cent,  of  CO2,  corresponding  to  a  utilization  of  80  or  90  per  cent. 

The  liquid  partly  saturated  with  CO,  can  dissolve  more  salt, 
and  therefore  some  fresh  salt  must  be  put  into  the  carbonators. 
This  seems  to  have  been  done  (and  perhaps  is  still  done)  to  a 
very  considerable  extent  in  the  Solvay  towers,  whilst  it  has  been 
abandoned  at  other  works.  At  Solvay's  they  employ  15  or  20 
parts  of  solid  salt  to  100  parts  of  salt  contained  in  the  brine. 
Solvay's  patent.  No.  1904  of  1876,  prescribes  mixing  this  solid 
salt  with  the  strong  brine  introduced  at  the  top  of  the  tower  for 
the  purpose  of  retaining  the  ammonia. 

Where  great  care  is  taken  in  the  recovery  of  ammonia  to  cool 
and  thereby  to  dry  the  gases,  coming  from  the  stills,  as  thoroughly 
as  possible,  it  is  possible  to  greatly  reduce  the  quantity  of  salt  to 
be  added  in  carbonating,  and  it  is  asserted  that  at  some  places 
they  do  entirely  without  solid  salt. 


THE  80LVAY  TOWER.  '  57 

Coo&nff  of  the  Towers. — The  chemical  combination  of  the  carbonic 
acid  irith  the  other  ingredients  is  a  phenomenon  connected  with 
the  erolation  of  mnch  heat^  and  the  rise  of  temperature  effected 
thereby  counteracts  the  formation  of  sodium  bicarbonate  by  pro- 
moting a  reversal  of  the  reaction  (p.  15).  Hence  from  the  out- 
set both  the  ammoniacal  brine  and  the  lime-kiln  gas  is  cooled 
-down  before  use  in  the  carbonator  (pp.  34  &  48),  but  this  must 
needs  be  supplemented  by  cooling  during  the  carbonating  process 
itself.  This  is  promoted  by  the  expansion  of  the  gases  within  the 
Solvay  tower^  as  shown  on  p.  56^  but  not  to  a  sufficient  extent. 
The  towers  were  formerly  cooled  from  without  by  large  quan- 
tities of  water  flushed  on  to  the  top  and  running  down  the  sides ; 
but  this  also  acts  only  imperfectly^  considering  the  large  diameter 
-of  the  towers,  especially  those  of  greater  width,  as  now  used,  and 
has  been  recently  replaced  by  cooling  from  within,  by  means  of 
the  following  apparatus. 

Cogswell  (Engl.  pat.  1973,  1887)  applies  a  system  of  water- 
cooling  within  the  tower,  a  stream  of  water  passing  through  all  the 
chambers  one  after  another,  and  thoroughly  refrigerating  them  in 
the  Tcry  centre.  This  apparatus  is  now  introduced  at  all  works 
of  the  Solvay  syndicate,  and  has  made  the  flushing  of  the  towers 
from  without  unnecessary.  His  apparatus  in  shown  in  figs.  23 
&  24.  The  single  cylinders  A,  A  are  provided  with  rectangular 
nozzles  B,  B  at  two  opposite  sides,  closed  by  perforated  flanges 
and  similarly  perforated  plates  C.  The  latter  support  the  cooling- 
pipes  D,  D,  which  pass  right  through  the  cylinders  and  are  tightly 
fixed  in  the  plates  C.  The  ends  of  the  pipes  D  are  contained  in 
boxes,  confined  on  the  inner  side  by  plates  C,  on  the  outside  by 
covers  E.  These  covers  are  provided  with  two  partitions  i,  i, 
reaching  up  to  plate  C,  and  thus  dividing  the  box  into  three  com- 
partments 1,  2,  3.  In  the  two  end  compartments  (1,  3)  there  are 
two,  and  in  the  middle  compartment  (2)  four  pipe-ends.  The 
opposite  box  has  only  one  partition  if  in  the  centre,  so  that  each 
of  two  compartments  (4, 5)  contains  four  pipe-ends.  The  cooling- 
water  enters  through  F  into  compartment  1,  flows  through  two 
pipes  D  into  the  opposite  compartment  A,  then  by  the  other  two 
pipes  D,  ending  in  the  same  box,  back  into  compartment  2,  from 
here  again  into  compartment  5,  and  from  this  at  last  into  com- 
partment 3;  through  C  it  overflows  into  the  system  of  pipes 
belonging  to  the  next  cylinder.    The  couplings  H  in  compart- 
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ments  4  &  5  lerve  for  connectiog  the  cooling  sets  beloDgiog  to 
two  cylinders.  The  cooling  is  regulated  in  such  manner  that  the 
upper  portion  of  the  tower  is  cold,  bnt  the  lower  portion  remains 
warm  enough  for  the  liquid  to  run  off  at  a  temperature  of  30°  C.  ^ 
we  shall  see  the  reason  of  this  further  on. 

IV  23. 


Vivian  and  Bell  (Engl.  pat.  75i7,  1890)  [iropose  cooling  during: 
carbonatioQ  by  means  of  brine,  in  an  apparatus  very  differeut  from 
the  Solvay  towers,  and  to  apply  the  heated  brine  for  absorbing  the 
ammonia,  which  seems  contrary  to  all  reason. 

Much  more  heat  is  liberated  in  the  first  stage  of  absorbing 
carbonic  acid  by  ammoniacal  brine  than  later  on.  In  the  first 
stage  normal  ammonium  carbonate  {NH4),C0a  is  formed,  and 
this  produces  much  more  heat  than  its  conversion  into  bicarbonate. 
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Basing  his  process  on  that  well-known  fact,  Solvay^  in  the  patent 
No.  2173, 1876,  further  directed  the  introduction  of  CO2  in  the 
upper  part  of  the  apparatus  where  hrine  is  saturated  with  ammonia > 
the  heat  produced  here  by  the  formation  of  normal  carbonate  is 
removed  in  the  tubular  cooler  (p.  34)  before  entering  the  carbonator. 
Later  on^  the  Solvay  works  have  developed  this  into  putting  up  a 
second  carbonator  alongside  the  principal  tower ;  in  the  former  the 
ammoniacal  brine  is  as  much  as  possible  converted. into  mono- 
carbonate,  and  is  then  transferred  to  the  principal  tower,  where 
the  precipitation  takes  place.  They  consequently  always  combine 
a  large  with  a  smaller  tower  :  the  cooled  ammoniacal  brine  is  first 
brought  up  to  the  state  of  (NH4)2C03  in  the  smaller  tower,  and  is 
then  introduced  into  the  other  tower  at  three-quarters  of  its  height ; 
here  more  CO3,  preferably  also  that  from  the  calciners,  is  introduced 
and  the  reaction  of  forming  the  bicarbonate  is  here  completed. 
The  magma  formed  here  is  continuously  passed  on  to  the  vacuum- 
filters  (see  below)  and  washed  there. 

Obstructions  by  Crusts. — An  important  drawback  of  the  Solvay 
towers  is  the  inevitable  gradual  obstruction  of  the  sieve-holes  in 
the  dividing-plates,  which,  in  spite  of  the  precautions  mentioned 
aboTe,  takes  place  with  such  rapidity  that  each  tower  must  be  cut 
off  on  an  average  once  a  fortnight,  in  order  to  run  off  its  contents 
and  to  remove  the  accumulated  crusts  by  steaming  or  by  hot 
water.  As  this  heats  the  tower  so  much  that  it  cannot  perform 
its  function,  it  must  be  cooled  down  by  standing  still  or  by  cold 
water.  In  order  not  to  interrupt  the  work,  there  must  be  a  spare 
tower  in  reserve,  so  that,  for  instance,  in  a  set  of  seven  towers 
only  six  are  at  work,  while  the  seventh  is  being  steamed  and  then 
cooled.  Usually  this  is  done  in  the  following  manner : — The  empty 
spare  tower  is  connected  with  the  tower  to  be  cleaned  out ;  half  of 
die  contents  of  the  latter  will  then  flow  over  into  the  former  bv 
its  own  pressure,  and  the  other  half  is  forced  over  by  compi;essed 
air  or  lime-kiln  gas.  The  tower  to  be  cleaned,  after  all  the  liquor 
has  been  removed,  is  filled  with  water  up  to  the  level  where  crusts 
have  been  formed,  and  the  water  is  brought  to  boiling  heat  by 
injection  of  steam.  The  escaping  vapours  contain  both  CO3  and 
NH3,  which  must  be  retained  by  washing.  If  a  sample  of  the 
Uquid  taken  by  means  of  a  testing-tap  shows  complete  absence  of 
ammonia,  the  dissolution  of  the  crusts  will  have  sufficiently  pro- 
gressed.    The  liquor  is  now  run  of;  it  contains  principally  NaCl 
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Fig.  25. 


and  NogCOs  in  solution,  but  is  mostly  too  dirty  to  be  worked  for 
soda-ash,  and  is  best  used  up  for  purifying  brine  or  dissolving  salt. 

The  formation  of  crusts,  both  in  the  towers  and  in  other 
apparatus,  is  principally  caused  by  two  circumstances,  partially 
<X)nnected  with  each  other,  and  both  caused  by  irregularities  in 
working.  If  the  air-pump  acts  too  slowly  or  altogether  stops, 
the  liquid  will  cease  to  be  agitated,  and  the  bicarbonate  crystals 
will  accumulate  in  certain  places.  In  such  cases  the  cooling  will 
also  be  too  strong,  and  this  causes  the  bi- 
carbonate to  be  separated  in  a  fine  muddy 
state,  which  not  merely  produces  a  difficulty 
in  washing  on  the  filters,  but  also  more  easily 
causes  obstruction. 

We  have  already  remarked    (p.   22)    that 
magnesia  promotes  the  formation  of  crusts. 

Among  other  forms  of  carbonating-towers  or 
columns 3  we  only  notice  that  invented  by  Schreib 
and  constructed  by  Calow  &  Co.  at  Bielefeld 
(Germ.  pat.  70169).  It  is  shown  in  fig.  25, 
and  consists  of  cylindrical  parts  with  conical 
bottoms,  not  admitting  of  any  accumulation 
of  crystals  on  these  bottoms.  Moreover,  the 
single  compartments  contain  a  comparatively 
large  bulk  of  liquid,  which  diminishes  the 
oooling  and  produces  coarser  bicarbonate. 
We  must,  however,  ask  whether  the  cooling  is 
not  diminished  too  much,  and  we  refer  to  the 
general  introduction  of  the  Cogswell  system 
of  internal  cooling,  p.  57. 


Other  Carhonators  of  upright  Form. 

In  Honigmann^s  process,  as  seen  by  me  in  1878,  the  car- 
bonating  of  the  ammoniacal  brine  is  not  performed  under  very 
high  pressure,  but  only  at  J  to  }  atmosphere  above  ordinary 
pressure,  with  well-developed  contact  surfaces.  He  employs  a  set 
of  three  upright  iron  cylinders,  10  to  13  feet  wide  and  of  the  same 
height,  with  conical  bottoms,  through  which  the  lime-kiln  gas  is 
forced  in  succession,  so  that  it  has  to  pass  through  a  total  head  of 
liquid  of  from  20  to  23  feet  depth,  in  such  manner  that  the  gas  is 
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equally  divided  over  the  total  bottom  area  of  each  cylinder  (about 
90  superficial  feet).  The  heating  of  the  liquid  is  kept  down  by 
running  water  over  the  outside  of  the  cylinders ;  the  temperature 
is  kept  between  25^  and  35^  to  produce  a  coarsely  crystalline, 
easily  filtering  precipitate. 

In  a  more  recent  patent  (Germ.  pat.  13782),  Honigmann 
describes  a  precipitating  column  of  very  simple  construction, 
40  feet  high. 

Hugo  Miiller  (of  Diisseldorf )  describes  (Engl.  pat.  No.  4458^ 
1874)  for  the  ammoniacal  soda-manufacture  an  apparatus  which 
can  be  used  also  in  other  cases  where  liquids  have  to  be  brought 
into  intimate  contact  with  gases.  He  employs  several  apparatus 
connected  together,  shaped  like  funnels  at  the  bottom,  and  semi* 
circular  at  the  top ;  a  centrifugal  pump  moves  the  liquid  from  the 
lower  into  the  higher  compartment,  pours  it  over  a  trough  with 
perforated  bottom  and  a  filtering  cloth  above  this,  and  thus 
divides  it  minutely,  whilst  the  solid  particles  remain  behind  in 
the  trough,  which  can  be  easily  taken  out. 

Unger  (German  patent.  No.  2295,  Dingler's  Journal,  ccxxxi. 
p.  436)  saturates  the  ammoniacal  brine  first  with  lime-kiln  carbonic 
acid  in  an  upright  iron  cylinder  with  a  jacket  for  cooling-water, 
and  a  vertical  quickly  revolving  shaft  carrying  disks,  by  which  the 
liquid  running  down  is  violently  splashed  about.  The  fire-gases 
in  the  first  apparatus  travel  downwards,  in  the  second  one  upwards, 
so  that  the  NHs  carried  away  can  be  washed  out  by  NaCl  solution. 
The  solution  of  ammonium  monocarbonate  and  common  salt  is 
now  saturated  in  other  cylinders  with  pure  CO^  from  decomposing 
the  NaHCOs  under  pressure.  For  more  easily  absorbing  the  CO^ 
narrow  spirals  are  fixed  in  the  cylinders,  which  distribute  the 
COs,  and  by  their  mobility  prevent  the  adhesion  of  crusts  to 
them.  The  saturation  of  brine  with  NH3  takes  place  in  a  cylinder 
fitted  with  small  upright  tubes,  each  tube  being  a  little  to  one  side 
of  the  pipes  below.  In  similar  apparatus  the  last  remnant  of  NHs 
is  washed  out  of  the  escaping  pure  CO2  and  the  fire-gases. 

Schreib  (Chem.  Zeit.  1890,  p.  492)  also  recommends  a  set  of 
three  cylinders  with  conical  bottoms,  into  which  the  gas  is  forced 
at  the  lowest  part,  so  that  the  precipitate,  which  cannot  attach 
itself  to  the  slanting  sides  of  the  lower  part,  is  well  churned  up. 
The  diyision  of  the  gas  is  promoted  by  several  perforated  partitions. 

The  three  cylinders  are  connected  with  each  other  in  such  a  way 


62  THE  AMUONIA-SODA  FBOCESB. 

that  every  one  of  them  can  serve  as  first,  Becond,  or  last  of  the 
aeries. 

The  Americaa  patents  of  H.  Frasch  (Nos.  361335  361622, 
1)18315)  contain  a  number  of  special  proposals  for  the  ammoniacal 
doda-  m  anuf ac  ture . 

Horizontal  Carbonators. 

These  form  another  type  of  apparatus  for  treating  the  ammoniacal 
"brine  with  carbonic  acid.  One  of  the  oldest  of  its  kind,  founded 
on  very  commendable  conatruetive  principles,  is  that  of  Gossage 
{Engl.  pat.  No.  422,  1854).  It  is  shown  in  figs.  26  &  27,  and 
consists  of  a  cylindrical  vessel,  divided  into  six  chambers,  di  to  a^, 
by  partitions  which  do  not  quite  join ;  it  rests  on  the  spindles 
a  and  b.  a  is  solid,  and  is  slowly  turned  round  by  the  gearing  e 
and  /  connecting  it  with  the  main  shaft  g;  b  a  hollow,  and  rues 
iuto  two  glands,  which  leave  between  them  a  chamber  into 
which  two  gas-pipes  for  CO3  and  NHg  enter,  which  communicate 
with  the  hollow  spindle  by  openings,  allowing  the  gas  to  pass 
through;    d  d  are  openings  closed  by  lids  for  introducing  the 
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materials.  The  solution  is  run  in  above  the  axisj  on  the  cylinder 
taming  round  it  is  scooped  up  by  each  chamber  in  turn,  and  is 
poured  out  again  as  each  reaches  the  position  of  Q).  At  the  same 
time  the  gas  rises  through  the  liquid  in  bubbles;  so  that  it  is 
well  mised  with  and  absorbed  by  the  latter.     At  first  the  gases  are 
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introdnoed  without  pressure ;  at  last  the  COj^  in  order  to  produce 
<coinplete  saturation^  must  be  forced  in  with  an  excess  pressure 
of  at  least  10  lb.  to  the  square  inch.  Since  in  the  condensation 
of  gas  much  heat  is  given  o£P^  the  solution  must  be  cooled  down 
at  least  to  37^  C.  before  running  it  out.  In  the  cylinder  a  solution 
of  1  part  of  salt  in  3  parts  of  water  is  employed ;  the  CO2  is  partly 
obtained  by  heating  the  sodium  bicarbonate  formed  in  the  process 
in  iron  retorts.  In  place  of  the  mixing  vessels  described,  a  coke- 
tower  can  be  employed^  in  which  the  gases  ascend  and  the  solution 
runs  down.  To  the  saturated  solution  of  salt  either  so  much 
solid  ammonium  sesqui-  or  bicarbonate  is  added  that  17  parts  of 
NHs  are  present  for  each  240  parts  of  brine^  or  into  240  parts  of 
brine  the  NH3  gas  given  o£P  from  54  parts  of  NH4CI,  and  after- 
wards COs  under  a  pressure  of  10  lbs.  per  square  inch,  are  passed. 
After  the  decomposition  is  finished^  the  mixture  is  filtered  through 
canvas  in  a  closed  vessel ;  here  the  mass  is  first  drained  and  the 
NH4CI  mixed  with  the  NaHCOs  then  displaced  by  a  solution  of 

pure  NaHCOs. 

Schloesing's  apparatus  of  1858  (p.  5)  also  consisted  of  horizontal 
cylinders,  provided  with  quickly  turning  agitating-blades  which 
cause  the  liquid  to  squirt  about ;  they  are  mounted  terrace- way, 
and  work  continuously,  the  liquid  entering  the  top  cylinder  and 
leaving  the  bottom  cylinder  as  a  magma  of  bicarbonate  crystals 
and  solution  of  ammonium  chloride,  the  carbonic  acid  travelling 
the  opposite  way. 

The  apparatus  patented  by  J.  Young  (No.  2558, 1871)  combines 

the  preparation  of  ammoniacal  brine  with  the  carbonating  of  the 

same.     It  is  shown  in  figs.  28  to  30 :  fig.  28  is  a  front  elevation ; 

fig.  29^  a  plan;  fig.  30,  a  back  elevation.     It  consists  of  three 

cylindrical|  air-tight,  iron  vessels.  A,  B,  and  C,  carried  by  journals 

D,  revolving  in  bearings  E  fixed  in  the  framing  F.     Beneath  each 

of  the  cylinders  a  fire-grate,  G,  is  situated ;  and  at  one  end  of  each 

vessel  a  bevel  wheel,  H,  is  attached.    The  wheels  H  are  in  gear 

with  bevel  pinions,  I,  carried  on  short  vertical  shafts,  J,  each  of 

which  has  at  its  lower  end  another  bevel  pinion,  E,  in  gear  with 

similar  bevel  pinions,  L,  on  the  horizontal  shaft  M.     The  pinions  L 

are  provided  with  levers,  N,  movable  on  studs,  O,  by  which  the 

pinions  L  can  be  thrown  in  and  out  of  gear  with  the  pinions  E 

when  required.     Any  two  of  the  cylinders  A,  B,  C  communicate 

by  pipes  passing  through  the  hollow  journals  D  of  any  other  of 
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the  Tessels.  We  will  assume  that  the  vessels  A  and  B  are  in 
conununicatiou  by  the  pipes  a  and  £  provided  with  stop-cock» 
c,  d,  e,  and/. 


In  conunencing  the  operation  the  door  g  in  the  end  of  the  vessel  A 
8  removed  and  a  solution  of  salt  (1  part  in  3  parts  of  water)  run 
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in ;  its  surface  most  be  well  below  the  ends  of  the  pipes  h  and  i, 
which  may  be  turned  npward  inside  the  vessel,  a«  shown  in  fig.  29. 

Fig.  30. 


The  door  ji  is  closed  air-tigbt,  through  k  ammoQia  gas,  in  the  pro- 
portion of  35  NHj  to  100  NaCl,  is  admitted,  through  the  pipe  t, 
passing  through  and  ending  above  the  pipe  h,  carbonic  acid  is 
introduced,  obtained  by  heating  sodium  bicarbonate  or  from  cal- 
cium carbonate  heated  tn  redness  in  a  retort  with  steam  passed 
through  it.  Sy  causing  the  Teasel  A  to  revolve,  fresh  surfaces  are 
coDBtantly  exposed;  this  may  be  assisted  by  perforated  disks  or  a 
•eries  of  arms  inside  the  vessel.  When  sodium  bicarbonate  begins 
to  be  precipitated,  the  temperature  is  kept  at  o(f  C.  The  admission 
of  CO]  is  continued  until  absorption  ceases.  During  this  time  the 
unabsorbed  gas  passes  over  through  the,  pipes  a,  b  into  the  vessel  B, 
in  order  to  act  upon  a  fresh  charge  of  salt  water  and  ammonia. 
In  B  less  than  3  water  to  1  salt  is  contained,  viz.,  by  as  much  as 
passes  over  from  the  ammonia-still  and  in  the  subsequent  beating 
of  the  bicarbonate  solution  in  A.  After  the  absorption  is  complete, 
tlie  rotation  of  A  is  stopped^  the  bicarbonate  allowed  to  settle,  the 
•olatioii  of  ammonium  chloride  discharged  into  the  ammonia-still 
throngh  the  cock  k  and  a  pipe  which  is  temporarily  affixed;  the 
remaining  salt  may  be  washed  with  water  or  a  solution  of  common 
■alt,  and  the  washings  also  run  into  the  still.  Water  is.  then 
added  to  the  bicarbonate,  and  the  vessel  A  gradually  heated  to  the 
boiling-point,  105"  C.    The  boiling  may  be  effected  by  superheated 
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steam  instead  of  an  open  fire.  Thus  any  ammonia  still  present 
and -half  the  carbonic  acid  are  expelled;  they  first  pass  through  a 
refrigerator/ and  then  into  the  Tessel  B;  the  solution  remaining 
in  A  is  worked  either  for  crystal  soda  or  soda-ash. 

The  principle  applied  here^  viz.^  saturating  with  HKs  and  COf 
at  the  same  time^  has  been  rejected  by  most  other  inventors, 
probably  with  good  reason.  Young's  apparatus  does  not  seem  to 
have  been  practically  used^  and  at  all  events  was  not  an  economical 
success ;  but  its  mechanical  principles  seem  to  be  quite  sound. 

Boulouvard's  carbonating  apparatus  (French  pat.  125625^  of 
1878)  has  been  successfully  employed  at  several  French  works. 
It  is  represented  in  figs.  81  and  82^  and  consists  of  a  number 
of  horizontal  cylinders  mounted  one  above  the  other.  The  am- 
moniacal  brine  enters  the  top  cylinder  and  gradually  passes  down* 
wards  to  the  bottom  cylinder^  from  which  it  issues^  the  carbonic-acid 
gas  travelling  the  opposite  way,  as  in  Schloesing's  apparatus^ 
p.  6.  The  three  bottom  cylinders  receive  the  pure  gas  from 
calcining  the  bicarbonate;  the  lime-kiln  gas  enters  the  fourth 
cylinder  from  the  bottom.  In  Schloesing's  apparatus  the  contact 
between  gas  and  liquid  was  brought  about  by  violent  agitation, 
which  requires  much  power  and  raises  the  temperature.  Bou- 
louvard  employs  instead  of  this  a  slowly  turning  bucket-wheel. 
The  buckets^  fixed  on  the  periphery  of  the  wheel,  lift  the  liquor 
and  pour  it  out  again  at  the  top  into  the  gaseous  atmosphere; 
on  descending  they  force  a  certain  quantity  of  the  gas  below  the 
level  of  the  liquid.  This  requires  but  little  motive  power,  the 
bicarbonate  is  always  borne  along,  and  is  carried  downwards  with 
the  liquid  through  the  wideconnecting-tubes  between  the  cylinders. 
If  the  wheels  have  to  be  stopped  for  some  reason,  the  bicarbonate 
settles  down  as  a  heavy  dense  mass,  which  offers  great  resistance 
on  again  starting  the  machinery ;  the  apparatus  must  therefore 
be  substantially  constructed.  Ten  cylinders,  requiring  one  H.F* 
each,  sufi&ce  for  producing  10  tons  of  soda-ash  in  24  hours. 

Fechiney  in  1880  (Engl.  pat.  Nos.  2098  &  5394)  patented  a 
modification  of  Botdouvard^s  apparatus  which  has  actually  been 
used  at  his  works,  and  is  shown  in  figs.  33  to  36.  A  is  a  large 
horizontal  cylinder,  turning  round  its  axle.  A  horizontal  per- 
forated partition  i  runs  along  its  entire  length ;  there  is  also  a 
number  of  vertical  partitions  a,  a,  with  central  holes  o,  o  and 
manholes  z,  z.     Ammoniacal  brine   enters   through   a  hollow 
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trannion  C,  and  the  waste  gas  escapes  in  the  same  way.  The 
inner  tube  g  of  the  other  trunnion  B  (shown  in  fig.  35  on  a  larger 
scale)  is  divided  lengthwise  into  two  compartments,  each  of 
which  communicates  by  i  with  the  descending  branch  j.    This 

Fig.  33. 


/'r. 


Kg.  36. 


Fig.  36. 


tube  g  serves  for  dischai^ng  the  magma  of  liquor  and  bicarbonate, 
and  for  introducing  strong  CO,  from  the  calciners,  while  weak 
OOs,  in  the  shape  of  lime-kiln  gas,  enters  through  the  outer 
<;oncentric  tube/.     The  annular  space  between/  and  g  is  laterally 
<;onnected  with  two  tubes  ^,  t  (fig.  36),  which  pass  along  the  main 
partition  o  through  the  first  three  compartments,  so  that  the  lime- 
kiln gas  enters  only  into  the  fourth  compartment,  the  strong  CO^ 
having  akeady  passed  through  g  into  the  first.     The  inner  tube 
bends  down  into  a  trough  F,  where  the  bicarbonate  is  precipitated, 
and  where  the  pure  CO3  is  first  introduced.     Cylinder  A  is  moved 
by  means  of  the  two  hydraulic  accumulators  P  P  and  the  pulleys 
H  H,  so  as  to  make  first  half  a  turn  to  one  side  and  then  half  a 
turn  to  the  other.    The  ammoniacal  brine  enters  through  D  and  the 
axle  C  into  the  last  compartment  of  A,  and  travels  through  0,  o 
from  one  compartment  to  the  other,  taking  along  the  suspended 
])icarbonate  with  the  assistance  of  the  buckets,  till  it  arrives  in  the 
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trough  F.    The  CO^  travels  in  the  opposite  direction,  so  that  the 
liquid  meets  with  constantly  stronger  gas  and  at  last  with  pare  COjp 

Other  carhonating  apparatus  have  been  patented  by  Montblanc 
and  Gaulard  (£ngl.  pat.  4737^  1878,  and  Oerm.  pat.  14198); 
the  Society  anonyme  des  prodoits  chimiques  du  Sud-Oaest  (Germ, 
pat.  18709);  Wigg  (Engl.  pat.  8125,  1882;  4486,  1885;  9227, 
1887);  Strassbni^er  and  Franenkron  (Germ.  pat.  24982);  Soc. 
an.  des  prod.  chim.  de  TEst  (Germ.  pat.  28761) ;  Pick  (Engl.  pat. 
7831, 1885 ;  4388,  1886);  Soc.  an.  pour  I'^tude  de  soudieres  (EngU 
pat.  9366,  1886) ;  Bums  (Engl.  pat.  15852, 1886) ;  Howitt  (EngL 
pat.  3657,  1891). 

Excepting  Solvay,  most  inventors  have  preferred  combinations 
of  several  smaller  carbonators,  upright  or  horizoDtal,  to  the 
large  towers  working  singly.  Undoubtedly  the  Solvay  towers 
fulfil  their  purpose  in  a  most  satisfactory  way ;  and  as  they  are 
used  at  all  the  works  of  the  Solvay  Syndicate,  by  far  the  greatest 
quantity  of  ammonia*soda  is  made  in  them.  Indeed  the  great 
techni(»d  and  economical  success  achieved  by  Solvay  dates  from 
the  time  when  he  invented  these  towers  (1872).  But  I  cannot 
help  looking  upon  this  more  as  a  coincidence  than  a  cause. 
The  continuity  of  work,  which  is  claimed  as  one  of  the  advantages 
of  the  Solvay  towers,  is  quite  as  well  attained  by  the  older  and 
more  recent  combinations  of  several  small  carbonators  in  a  set,  in 
which  the  utilization  of  the  carbonic  acid  can  be  effected  at  least 
as  well  as  in  the  towers,  while  the  control  of  the  work  is  easier 
and  no  lofty  buildings  are  required.  The  most  important  con- 
sideration is  this :  that  the  pumping  of  the  gas  requires  much  less 
motive  power  and  the  removal  of  the  crusts  is  much  easier  than 
in  the  Solvay  towers. 

The  intimate  contact  between  the  carbonic-acid  gas  and  the 
liquid  is  accomplished  by  different  means.  Some,  as  we  have 
seen,  employ  perforated  partitions,  others  mechanical  agitation. 
The  former  seems  most  simple,  but  does  not  act  so  well  as  the 
latter,  and  needs  more  power,  since  the  gas  has  to  be  forced  through 
a  corresponding  depth  of  liquid ;  in  the  case  of  mechanical  agitators, 
which  cause  the  liquid  to  be  squirted  about,  the  gas  can  be  in-' 
troduced  above  the  level  of  the  liquid  under  very  small  pressure, 
so  that  the  force  expended,  inclusive  of  that  required  for  driving 
the  agitating-gear,  is  much  less  than  for  the  large  blowing-enginea 
used  in  the  first-mentioned  system.  . 
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The  continuow  style  of  working  is  most  easily  condacted  with  sets 
of  horizontal  cylinders^  or  else  with  one  such  cylinder  very  long, 
as  in  the  Pfehiney-Boulouvard  apparatus  (p.  66).  If  several 
cylinders  work  together^  they  must  be  connected  by  very  wide 
channels,  to  prevent  being  obstructed  by  bicarbonate.  This 
capability  of  obviating  obstructions  and  crusts  forms  one  of 
the  advantages  of  mechanical  apparatus  in  comparison  with 
Solvay  towers.  Of  course  the  CO2  gas  is  always  made  to  travel 
the  opposite  way  to  the  liquor;  if  any  separation  at  all  is  made, 
the  richer  gas  from  the  bicarbonate  calciners  is  introduced  in  the 
cylinder  where  the  reaction  is  finished^  and  from  which  the  magma 
is  taken  away  to  the  filters;  later  on  the  lime-kiln  gas  is  mixed 
with  it,  and  every  one  of  the  cylinders  is  cooled  by  external 
flushing  to  the  degree  best  suited  for  that  stage  of  the  process. 
The  ammoniacal  brine  enters  at  the  opposite  end  and  meets  the 
gas  after  this  has  lost  most  of  its  COj.  As  the  gas  escaping  from 
here,  and  consisting,  mainly  of  nitrogen,  must  carry  away  much 
ammonia  vapour,  it  is,  of  course,  as  mentioned  in  connexion  with 
al  hitherto  described  apparatus,  passed  through  fresh  briue  in 
order  to  retain  the  NHj.  This  can  be  done  either  in  a  column  or 
by  means  of  a  mechanical  agitator.  To  finish  with,  it  is  safest  to 
employ  a  small  coke-scrubber  fed  with  sulphuric  acid  before  the 
gas  is  ultimately  sent  into  the  air,  although  we  must  state  that  with 
proper  work  nothing  should  be  left  to  be  absorbed  by  the  acid. 

Fassbender  (Zsch.  f.  angew.  Ch.  1893,  pp.  189  &  165)  follows  up 
the  course  of  the  ammonia  in  the  Solvay  apparatus  in  the  following 
manner: — 

The  brine  is  made  up  to  70  grams  ammonia  per  litre  in  the 
saturators*.  This  liquor  is  introduced  in  the  second  compartment 
of  the  tower  from  the  top ;  the  top  compartment  receives  about 
one-sixth  of  the  volume  of  ammoniacal  brine  in  the  shape  of 
purified  fresh  brine,  to  wash  the  gases  before  leaving  the  tower. 
The  mixture  of  these  two  liquors  is  effected  only  in  the  third 
compartment,  and  the  process  is  continued  as  if  we  had  com- 
menced with  brine  titrating  6  per  cent.  NH3,  but  in  such  manner 
that  the  exit-gases  carry  away  but  little  NH3.  We  there- 
fore assume  as  starting  point  for  the  following  considerations  a 
brme  containing  60  grams  NHs,  270  grams  NaCl,  a  little  COj^ 

*  This  is  more  than  is  usually  attained  at  the  works,  comp.  p.  82,  and  is  only 
accomplished  with  great  extra  care.  .  The  ordinary  average  is  probably  nearer 
65  grams  NH3. 


.  HORIZONTAL  CABBONATOBS.  71 

and  aboat  0*5  gram  NHs  in  the  shape  of  sulphate  (caused  by  the 
gypsum  contained  in  the  rock-salt). 

After  blowing  this  liquor  out  of  the  tower  we  find  the  NHs 
distributed  as  follows : — 

1.  About  0*9  per  cent.  NHs  ^^  the  mother  liquor. as  carbonate. 

2.  About  4*6  per  cent.  NHs  ^  ^^^  same  as  chloride. 

3.  About  0*5  per  cent.  NHs  in  the  exit-gas  from  the  tower. 
Item  No.  1  goes  into  the  ammonia-still;  the  small  quantity  of 
this  adhering  to  the  moist  bicarbonate  can  be  neglected.  Item 
No.  2  mostly  goes  into  the  ammonia-still ; .  a  certain  portion 
adheres  to  the  moist  bicarbonate  as  well  as  some  NaCl^  and  causes 
the  finished  ash  to  test  only  97  or  98  per  cent.  Na^Cds.  This 
corresponds  to  0*08  per  cent.  NHs^  which  is  found  in  the  gases 
drawn  out  from  the  calciner  and  is  absorbed  by  brine.  Item 
No.  3  is  carried  by  the  exit-gases  into  a  brine- washer^  where  0*3 
per  cent.  NHs  is  retained  and  at  once  utilized  in  the  ammonia- 
«aturator;  the  other  0*2  per  cent,  goes  into  a  second  washer^  where 
0*17  per  cent,  is  retained  by  water  serving  for  dissolving  salt  and 
afterwards  for  purifying  the  brine  from  gypsum^  and  the  remaining 
O'03  per  cent,  is  retained  by  the  acid-scrubber. 

In  order  to  calculate  the  quantity  of  liquor  required  for  a  daily 
production  of  10  tons  soda-ash^  Fassbeuder  makes  the  following 
assumptions: — ^manufacturing  loss =10  percent,  of  the  finished 
product;  increase  of  volume  of  the  brine  by  passing  in  7  per  cent. 
NHs=9  per  cent.;  on  mixing  ammoniacal  brine  with  fresh  brine« 
ash^  no  contraction ;  the  gases  from  the  ammonia-stills  carry  over 
4  tons  *  of  distillate;  the  moist  bicarbonate  carries  along  5  tons 
of  water;  the  filtration  requires  9  tons  of  washing-water;  the  fresh 
purified  brine  contains  per  litre  307  grams  NaCl^  890  HjO^  2*3 
NHs  as  carbonate  and  0*57  as  sulphate.  After  being  diluted  by 
the  washings^  the  mother  liquor  contains  850  c.c.  H2O  per  litre. 

To  manufacture  10  tons  of  soda-ash  for  sale^  we  must  prepare 
II  tons  as  bicarbonate,,  and  .w.e  must. convert 

1 1  000-        . . 

.i^y^X  17=3528*3  kU.  NH,  into  NH4CI. 
0/     '         •• 

As  in  1  litro  of  brine^  containing  6  per  cent.  NHs^  4*6  per  cent. 
are  converted  into  NH4C1^  the  above  3528*3  kil.  correspond  to 

^^:?=76-7  cubi  metres  brine  of  6  per  cent.  NH,=4602  kQ. 

.  «  •        •  •  • 

*  By  "  tons  "  we  understand  here  metrical  tons  of  1000  kilograniB. 
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alkalimetrically  proved  NHs*  This  6-per-cent.  brine  is  obtained 
by  mixing  the  7-per-cent.  brine  with  11*3  cub.  metres  of  fresh 
brine^  containing  abeady  2*3  grams  NHs  per  litre  as  carbonate, 
or  26  kiL  NH|;  deducting  this  from  the  above  4602,  we  find 

4576 
4676  kil.  NH|«    This  corresponds  to  =65*4  cub.  metr.  7-per- 

cent, brine +11*8  fresh  brine,  or  in  all  76*7  cub.  metr.  6-per-cent. 
brine. 

The  65*4  cub.  metres  7-per-cent.  brine  are  composed  of : — 
66*3  cub*  metr.  fresh  brine,  containing  56*8x307=: 

17284-1  kU.  salt. 
5*1  increase  of  volume  (9  per  cent.). 

4*0  water,  &c.,  carried  over  from  the  ammonia- 
still. 

17284*1 
65*4  cub.  metr.  at     ^^.  =264*2  kil.  salt. 

o5'4 

+ 11*3       „       fresh  brine=807  X 118  kil.  salt=3469*l      „ 

76*7       „       6-per.cent.  brine  with  total  salt = 20768*2      „ 

20753*2 
Hence  1  cub.  metr.  6-per-cent.  brine  =     „,^    =270*6  kil.  salt. 

For  10  tons  soda-ash  we  require  20753*2  kil.  pure  NaCl=21 
tons  rock-salt.  [This  quantity  may  be  diminished  by  longer 
carbonating  and  more  ammonia,  but  at  the  expense  of  increasing 
the  other  materials.] 

The  daily  consumption  of  brine  amounts  to : — 
For  the  7-per-cent.  brine  from  the  NH|  absorbers,     56*8  cub.metr. 
For  the  brine-washers  in  the  carbonat.-towers  11*3        „ 


67*6 


li 


Containing  67*7  X  890  water =60164  litres. 

Add  to  this  condensing-water 4000        „ 

„         washings  from  the  filters    9000        „ 

73164        „ 
Deduct  water  in  moist  bicarbonate 5000        „ 


Left  as  contained  in  mother  liquor    68164 


ff 
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As  the  mother  liquor  contains  850  litres  per  cab.  metre,  the 

68164 
aboTeisss  ..^   -=:80*2  cubic  metres,   containing  the  following 

quantities  of  ammonia : — 

NH,  as  sulphate  (0-05  +  008)  x  767  x  10. . .     61-36  kil. 

„       bicarbonate  0*9 X 76-7 X 10    69030   „ 

„        chloride  4-52  X  76-7  X 10  8466-84    „ 


4218-50    ,. 

The  daily  testings  at  the  carbonators  are  made  as  described  in 
the  case  of  ammoniacal  brine,  p.  32.  In  the  present  case  the 
quantity  of  "free '^  NHj  (that  which  passes  away  on  boiling)  is  of 
course  much  less  than  the  "  fixed ''  NHg  (present  as  chloride  or 
sulphate).  Sometimes  the  testing  only  extends  to  titrating  the 
quantity  of ''free''  NH^  by  standard  acid  and  methyl-orange. 

The  carbonic-acid  treatment  is  never  carried  on  to  complete 
saturation,  as  the  last  portions  of  COj  would  be  very  slowly 
absorbed.  Complete  carbonation  produces  a  more  complete 
oouTersion,  and  therefore  saves  some  NaCl,  but  it  requires  too 
much  time,  space,  capital  for  plant,  and  cost  of  pumping  COj* 
According  to  Schreib  (Ghem.  Zeit.  1890,  p.  492),  it  is  best  to  stop 
when  the  "free''  NHs  (estimated  by  titrating  the  filtrate  with 
standard  acid)  is=17  grams  NH3  per  litre.  It  is  possible  to  go 
down  to  3  grams  NHg,  but  with  the  above-mentioned  diminution 
of  the  work  done  by  the  plant. 

Schuchtermann  and  Kocke  (G«rm.  pat.  21590)  propose  com- 
pleting the  reaction,  when  no  more  bicarbonate  is  separated,  by 
adding  to  the  filtrate  caustic  soda  or  ammonia  and  again  carbo-' 
natiDg.     [This  will  hardly  pay  !] 

The  degree  of  utilization  of  the  carbonic  acid  in  the  case  of 
Solvay  towers  has  been  already  discussed,  p.  56.  Other  inventors 
generally  assert  that  with  their  apparatus  the  COg  is  much  better 
utilized,  but  I  cannot  judge  how  far  this  is  correct.  Jurisch 
(Chem.  Ind.  1890,  p.  46)  points  out  an  error  frequently  committed 
in  calculating  the  degree  of  utilization  of  a  gas,  and  gives  a  formula 
of  his  own  for  this  purpose. 

Yerzijl  in  1875  (Nov.  19)  obtained  a  French  patent  for  em- 
ploying carbonic  acid  compressed  to  three  atmospheres,  which  is 
supposed  to  promote  the  conversion  of  ammoniacal  brine  into 
bicarbonate,  as  much  more  COg  is  dissolved  under  high  pressure. 
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He  employs  several  apparatus  in  saccession,  in  which  the  COf 
is  systematically  utilized.  According  to  a  letter  I  have  received 
from  the  inventor,  dated  Oct.  28rd,  1881,  the  process  had  been 
tried  on  a  small  scale,  but  successfully.  The  gas  on  entering 
contained  22  to  25  per  cent.  COj,  on  leaving  at  most  1  per  cent., 
and  it  carried  away  no  more  than  25  parts  NHs  out  of  2000  em- 
ployed.    I  have  heard  nothing  further  of  this  process. 

I  have  in  several  places  referred  to  the  temperature  to  be  main- 
tained in  the  carbonating  process  (pp.  12,  56,  57,  60,  70),  I  will 
therefore  here  only  remark,  generally,  that  in  any  carbonating 
apparatus,  during  the  principal  reaction,  the  temperature  should 
not  be  below  80°  C.  (some  say  40°),  since  at  a  lower  temperature 
the  sodium  bicarbonate  does  not  separate  in  a  coarsely  crystalline 
form,  but  as  a  badly  filtering  mud.  Later  on,  when  the  principal 
reaction  has  taken  place,  the  temperature  may  be  lowered  to  preci- 
pitate more  bicarbonate.  This  is  more  easily  done  in  the  apparatus 
consisting  of  several  combined  vessels  than  in  the  Solvay  towers 
as  they  were  before  the  introduction  of  the  Cogswell  system  of 
internal  cooling.  Under  no  circumstances  must  the  cooling  be 
carried  to  the  point  where  ammonium  chloride  crystallizes  out, 
which  takes  place  at  10°  C. 

Washing  of  the  Exit-gaaes  from  the  Carbonators. — ^These  gases, 
consisting  mainly  of  nitrogen,  with  a  small  quantity  of  carbonic 
acid,  must,  of  course,  not  escape  freely  into  the  atmosphere, 
but  must  be  deprived  by  washing  of  the  ammonia  they  carry 
away,  just  like  all  exit-gases  of  the  ammonia-soda  manufacture 
(comp.  e,  g,  p.  33) .  This  is  done  by  means  of  a  small  coke-tower  or 
by  columns  fed  with  £resh  brine ;  the  small  quantity  of  NH3  thus 
absorbed  may  be  increased  by  always  employing  two  washers 
alternately,  and  feeding  one  with  brine  which  has  already  served 
in  the  other.  Sometimes  another  washer,  fed  with  pure  water, 
follows  upon  the  brine-washers.  The  final  washing  is  best  made 
by  a  small  coke-scrubber  fed  with  dilute  sulphuric  acid,  to  absorb 
the  last  traces  of  ammonia  {e.g.  by  Fassbender,  p.  71);  but  if  the 
previous  washing  has  been  thoroughly  performed,  there  is  hardly 
anything  left  for  the  acid-washer. 
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CHAPTER  V. 

FILTEEING,  DBYING,  AND  CALCINING  THE  BICARBONATE. 

I.  Filtration, 

According  to  Solvay^s  patents^  every  balf-hour  a  certain  portion 
•of  the  contents  of  the  absorbing- towers  is  drawn  off^  and  the  pasty 
mixture  separated  into  a  solution  of  ammonium  chloride  with  a 
little  carbonate  and  sodium  chloride  on  the  one  hand^  and  solid 
sodium  bicarbonate  on  the  other.  For  this  purpose  he  prefers 
TECuum-filters,  consisting  of  iron  cylinders  of  about  10  feet 
•diameter  and  5  feet  high^  in  which  the  filtering-material  lies  upon 
a  grating.  It  consists  of  a  linen  or  woollen  fabric^  covered  by  a 
^re  gauze  or  a  finely  perforated  metal  plate.  Below  this  strainer 
a  vacuum  is  made  by  an  air-pump^  and  the  mother  liquor  sucked 
off  very  quickly ;  water  is  now  squirted  by  a  rose  very  uniformly 
•over  the  fine-grained  bicarbonate ;  and  this  is  continued  till  the 
salt  smells  little  or  not  at  all  of  ammonia.  According  to  the 
patent  No.  1904^  of  1876^  the  water  is  to  be  applied  warm^  in 
order  more  effectually  to  dissolve  any  sal-ammoniac  crystals.  It  is 
not  possible,  however^  to  remove  all  the  ammonia  by  washing  the 
salt  without  dissolving  much  bicarbonate;  and  this  is  a  source  of 
loss  of  ammonia.  Or  else  the  liquid  may  be  heated,  after  being 
run  out  of  the  tower,  in  order  to  dissolve  any  sal-ammoniac 
-crystallized  out.    Such  a  vacuum-filter  is  shown  in  fig.  37. 

Fig.  38  shows  the  way  in  which  the  vacuum-filter  is  connected 
with  the  carbonating-tower.  It  consists  of  the  cylinder  T  and 
the  perforated  false  bottom  d,  supporting  the  filtering-medium. 
The  magma  of  crystals  and  liquor  arrives  through  K  firom  the 
tower,  and  is  by  the  turning  cross  Z  equally  divided  over  the 
fihering-medium.  When  enough  of  it  has  been  introduced,  the 
tap  ^  is  closed,  and  through  y  water  is  run  in  for  washing.  The 
Tacaum  is  produced  by  the  vessel  CI,  into  which  the  liquid  enters 
ihrough  the  pipe  W  (comp.  Engl.  pat.  No.  999, 1876). 

The  vacuum-filters  are  made  of  cast-irorij  partly  because  these 
support  the  pressure  from    without   better  than   wrought-iron 
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vessels,  and  partly  because  cast-iron  better  resists  the  attack  of  the- 
ammanium  chloride  Bolutioo.  So  long  as  the  liquor  is  alkaline, 
it  can  hardly  act  upon  the  iron,  but  after  the  alkali  has  been 
washed  out,  wronght-iron  is  quickly  acted  upon,  especially  in  the 
presence  of  air.  The  grating  vhich  supports  the  filtering-cloth  is 
also  composed  of  strong  cast-iron  segments,  supported  on  bearers- 
at  the  circomfereDce  and  in  the  centre. 
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the  Tacanm  is  prodnced,  according  to  Solvay,  by  &  pump  with 
a  "  water-pistoD,"  fig.  89.  Such  pumps  have  no  dead  spaces,  aad 
they  have  in  the  present  case  the  advantage  of  washing  the  gases 
Fig.  39. 


before  tjectiag  them  into  the  atmosphere.  The  piston  P  moves  in 
tbe  burel  A ;  B  and  B'  are  the  water-pistons,  C  and  C  the  covers, 
B  pressure-valve,  S  aspirating-valve,  O  a  small  tap  for  introducing 
liquid  into  the  cylinders.  This  pump  evacuates  the  vessel  Q, 
(&g.  38)  throagh  pipe  V,  and  thereby  draws  away  the  liquid  from 
underneath  the  £alse  bottom  d  by  pipe  W.  From  Q.  the  liquor 
goes  into  tbe  ammonia-stilla.  Two  or  more  such  vessels,  placed 
underneath  the  filter,  are  used  in  rotation,  l^e  air-pump  may 
also  serve  for  raising  the  liquid.  The  precipitate  may  be  dried 
on  the  filter  itself,  by  passing  a  current  of  dry  air  through  it. 

A  very  ingenious,  but  somewhat  complicated,  Slter  is  that 
described  in  Solvay's  patent,  No.  1904,  1876,  and  shown  in 
figs.  40  to  43.  It  consists  of  a  cylinder  with  a  paraboloid 
bottom  A,  divided  by  partitions  into  eight  compartments,  which 
are  converted  into  as  many  filters  by  covers  A'  to  A'.  The  bottom 
of  A  is  continued  in  the  centre  into  a  cylinder  D  D,  divided  into 
the  same  number  of  compartments,  and  forming  continuations  of 
the  filters  A'  to  A°.  These  are  provided  with  openings  at  the 
bottom,  C,  C,  communicating  with  a  box  B,  divided  into  three 
compartments  (fig.  43).  In  this  box  a  vacuum  is  continuously 
produced  by  an  lur-pump.  By  turning  it  the  openings  are  put 
into  communication  with  any  one  of  the  openings  C,  C,  and  thus, 
as  in  a  Cl^^s  gas-distributor,  the  gas  and  liquor  are  directed  in 
any  given  way,  so  that  the  liquid  passing  through  the  filter  can  be 
brought  into  any  one  of  the  vessels  R  to  B.'^.  At  first  the  space 
above  the  filters  is  charged  with  magma,  and  the  filtering-liquid 
is  run  into  a  separate  reservoir.  After  one  of  the  eight  sectors 
has  been  filled  with  crystals,  the  apparatas  is  made  to  perform  an 
eighth  of  a  revolution,  whereupon  the  same  sector  receives  washing- 
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Fig.  40. 
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liquor  irhich  has  repeatedly  served  before,  and  the  liquid  now 
running  off,  the  distributor  having  changed  its  position,  is  carried 
to  another  reservoir.  Thus  the  work  continues,  applying  con- 
stantly purer  washing-liquids,  and  at  last  a  solution  of  pure 
sodium  carbonate  or  bicarbonate  ;  the  washed-out  salt  is  ultimately 
removed  from  the  sector  by  mechanical  means.  I  have  not  myself 
seen  this  apparatus  in  operation;  but  I  am  told  that  it  worka  well 
at  Varang^ville. 
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Booloavard's  filtering-apparatus  (French  patent  114851,  1876] 

is  shown  in  figs.  43  and  44  on  a  scale  of  1 :  20.     It  is  constructed 

with  much  skill,  and  has  proved  very  saccessfnl  at  several  French 

works.     Its  principal  part  is  an  hydratilic  press,  whose  basement 

Rg.  43.  Fig.  44. 


G  carries  two  cylinders  I  and  E,  by  means  of  the  columns  H  H. 
The  piston  A,  carrying  the  filter-plate  L,  is  made  to  rise  or 
descend  hy  the  introduction  of  water  into  the  hoUow  space  B. 
Plate  Xi  is  provided  with  radial  furrows,  collecting  the  filtering- 
liqmd  in  the  annular  spout  a,  from  which  it  is  carried  outward 
by  pipe  ft.  The  filter  consists  of  sheet-iron  covered  with  felt ; 
the  sheet-iron  is  square,  and  is  only  so  far  perforated  as  corre- 
sponds to  the  area  of  I;  it  is  held  in  the  frame  c.  When  the 
bicarbonate  cake  has  been  pressed  and  washed,  piston  A  is  made 
to  descend,  whereupon  frame  c  settles  on  the  square  frame  M, 
which  can  be  drawn  out  of  the  press  on  the  eight  guiding  rollers  d. 
The  cake  is  then  taken  away,  the  filter  is  put  hack  into  its  place,, 
frame  M  is  moved  back  into  the  press,  and  piston  A  is  again  raised. 
The  pitton  C,  serving  as  compressor,  is  connected  with  piston  £■ 
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by  four  inflexible  rods  N.  By  the  three-way  cocks  e  and/,  which 
are  regulated  by  lever  m,  at  the  same  time  water  is  made  to  rise 
as  required  in  the  one  or  other  of  the  cylinders  F  or  D.  In  the 
former  case,  the  water  entering  through  pipes  P  and  r  lifts  pis.ton  E. 
Piston  C,  which  is  also  thus  raised  by  means  of  the  rods  N,  on 
rising  produces  a  vacuum;  hence  the  liquid  to  be  filtered  is 
aspirated,  on  opening  valve  /',  through  pipe  /.  When  piston  E 
has  reached  the  upper  limit  of  its  play,  disk  u  touches  the  lever  v, 
which  turns  the  three-way  cock  /  in  such  a  manner  that  the  con- 
nection between  pipes  P  and  r  is  closed,  and  that  between  P  and  O 
is  opened ;  but  as  tap  /  is  still  closed,  the  movement  is  at  once 
stopped.  Now  the  attendant  turns  the  crank  g,  and  thereby 
makes  communication  between  pipe  8  and  cylinder  D  as  well  as 
between  cylinder  F  and  the  outlet-pipe  r'.  Piston  C  sinks  down 
And  drives  the  liquid  through  the  filter.  When  the  pistons  have 
arrived  at  the  lower  limit  of  their  play,  disk  x  touches  lever  r,  and 
this  regulates  the  valve  /  so  that  the  communication  between  P 
.and  8  is  interrupted.  The  movement  ceases,  and  while  piston  C' 
remains  in  its  position,  the  bicarbonate  cake  is  washed  with 
pure  solution  of  sodium  carbonate.  This  arrangement  acts 
quite  automatically,  and  is  not  dependent  upon  the  attention  of 
the  workmen. 

The  washings  get  through  x  and  the  three-way  cock  af  into  the 
annular  space  O.  They  can  be  exactly  measured  by  means  of  the 
water-gauge  /.  Now  the  man  opens  by  means  of  crank  m  the  taps 
X  and  y.  Compressed  air  from  a  reservoir  enters  the  space  O,  and 
drives  the  washings  through  tap  y  into  pipe  t/,  connected  with 
branch  j?  by  a  thick  india-rubber  tube ;  z  fits  on  a  hole  drilled  in 
the  bottom  plate  of  piston  C.  The  underside  of  this  plate  is 
provided  with  radial  furrows,  and  is  covered  with  sheet-iron  and 
a  filtering-cloth.  The  washing-liquor,  forced  on  by  the  com- 
pressed air,  enters  through  jst,  divides  itself  among  the  furrows  and 
penetrates  through  the  bicarbonate  cake,  to  issue  by  branch  b. 
Thus  the  cake  is  washed  once  or  oftener  before  being  taken  out. 

With  a  press  of  the  indicated  size,  three  cakes  weighing 
40  kil.  each  can  be  pressed  per  hour.  One  man  superintends  two 
presses  at  the  same  time.  The  bicarbonate  loses  50  per  cent,  of 
its  weight  on  calcining,  hence  the  production  is  120  kil.  per  man 
per  hour. 

.  Schreib  (Chem.  Zeit.  1890,  p.  492)  prefers  as  a  filtering-medium^ 
instead  of  cloth,  a  layer  of  limestone  powder  covered  with  white 
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jftod  and  con6ned  between  two  grids.  Fig.  45  shows  a  woodeu 
filter,  conDectcd  at  F  with  the  pressare-Talre  M,  which  serves  for 
■ereral  filters.       (Such  filters  can  only  be  used  in  small  works.) 

At  other  works  the  filtering  of  the  bicarbonate  is  performed  by 

cenirijugal  machinet  or  hy  fiUer-preiset.    The  former  require  too 

much  motive  power,  and  it  is  difficult  to  avoid  losses  and  con- 

tamioatioDs  therein;  the  latter  seem  to  have  answered  very  well. 

Fiff.  4.5. 


Fassbender  (Zsch.  f.  angew.  Ch.  1893,  p.  359)  gives  a  special 
calculation  of  the  data  for  the  vacuum  filter-pump,  from  which  we 
>ee  that  it  requires  5  H.P.  actually  expended  on  the  main  shaft 
for  a  daily  make  of  10  tons  soda-ash. 

l^e  rale,  mentioned  p.  74>,  that  the  bicarbonate  must  be  obtained 
in  a  coarse  granular  form,  not  in  that  of  fine  mud,  in  order  to  be 
fit  for  filtering,  obtains  for  all  kind  of  apparatus,  vacuum-filters, 
filter- presses,  &c. 

The  bicarbonate  remaiuing  on  the  filters  always  contains  some 
mother  liquor,  from  which  it  must  be  freed  by  a  thorough  washing, 
as  has  already  been  described  in  the  case  of  several  apparatus. 
Especially  the  ammonia  present  as  chloride  or  carbonate  should 
be  removed ;  but  this  can  never  be  done  entirely,  as  such  a  washing 
would  dissolve  too  much  sodium  bicarbonate,  which  during  the 
lecorery  of  the  NHj  is  converted  into  NaCl  and  is  thus  lost.  It 
is  found  difficult  to  dissolve  aoy  solid  ammonium  chloride.  To 
remove  thia,  Solvay  proposed  (p.  75)  to  heat  up  the  bicarbonate 
«ith  the  washing-liquor,  either  at  the  bottom  of  the  absorbiug. 
tower  by  means  of  a  steam-coil,  or  in  a  special  apparatus  outside. 

It  is  of  course  impossible  on  washing  the  precipitate  to  avoid 
dinolviog  a  certain  quantity  of  the  sodium  bicarbonate,  and  his 

VOL,  til.  a 
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is  entirely  lost,  as  on  heating  the  mother  liquor  it  is  decomposed 
T^ith  the  NH4CI  into  NaCI  and  ammonium  bicarbonate.  The  loss 
by  washing  is  scarcely  below  10  per  cent.,  and  frequently  above 
this.  Schreib  (Chem.  Zg.  1889,  p.  489)  proposed  to  diminish  it 
by  employing  mineral  oil,  in  lieu  of  water,  in  order  to  remove  the 
mother  liquor  mechanically  without  dissolving  anything — of 
course  only  if  there  is  no  solid  ammonium  or  sodium  chloride 
present,  whereas  any  solid  ammomium  bicarbonate  would  not  do 
any  harm,  as  it  would  be  recovered  on  drying  the  sodium 
bicarbonate,  together  with  the  adhering  mineral  oil.  [This  pro- 
posal seems  impracticable.  Probably  the  loss  of  mineral  oil 
would  be  too  great,  and  the  quality  of  the  soda-ash  would  be 
hardly  up  to  the  mark.] 

The  chemical  examination  of  the  crude  bicarbonate  is  made  as 
follows: — First,  the  alkalimetrical  titre  is  established,  then  the 
percentage  of  COj,  according  to  the  methods  indicated  in  Vol.  II. 
pp.  112  and  629;  also  the  percentage  of  ammonia  by  distilling 
with  caustic  soda  and  absorbing  the  distillate  in  standard  acid; 
.  sometimes  also  the  chloride,  by  neutralizing  with  nitric  acid  and 
titrating  with  silver  nitrate  (p.  32).  The  moisture  is  found  by 
difference,  but  more  directly  by  ascertaining  the  loss  on  ignition 
and  deducting  therefrom  the  second  molecule  of  CO2  and  the 
ammonia  (calculated  as  carbonate). 

II.  Drying  and  Calcining  the  Bicarbonate, 

Only  a  small  portion  of  the  sodium  bicarbonate  is  sold  as  such, 
for  which  purpose  it  must  be  submitted  to  the  treatment  described 
in  the  9th  chapter.  Most  of  it  is  converted  into  soda-ash,  recently 
also  into  crystals  or  caustic  soda.  The  task  of  converting  the 
bicarbonate  into  monocarbonate  and  recovering  the  liberated  COj 
and  NHs  seems  to  be  very  simple,  but  in  reality  is  very  diflScnlt, 
as  is  proved  by  the  large  number  of  patents  taken  out  by  Solvay 
and  others  for  this  operation,  some  of  which  we  will  describe, 
beginning  with  Solvay's  patents. 

In  a  vertical  cylinder,  G  G  (of  which  fig.  46  is  a  sectional  ele- 
vation, and  fig.  47  a  sectional  plan),  there  are  a  number  of  round 
plates  H,  with  openings  at  the  circumference  and  in  the  centre. 
A  perpendicular  shaft,  I,  passes  through  the  top  and  bottom  of  tlie 
cylinder  and  carries  arms  K  K,  with  scrapers  L  L,  which  move  the 
mass  lying  on  the  plates  alternately  to  the  periphery  of  one  and 
the  centre  of  the  next  lower  plate^  so  that  it  ultimately  gets  to  the 


ftl  THE  AUIfONlA-BODA  PROCESS. 

bottom  of  tbe  cylinder.  The  plates  themselves  are  hollow  nad  are 
heated  by  steam  or  hot  gases.  The  bicarbonate  is  cliai^d  by  a 
hopper  M,  in  which  arms  O  are  slowly  turned  round  by  the  shaft 
K ;  it  is  always  kept  fiiU,  so  that  the  CO}  cannot  escape.  The 
dried  mass  arrives  at  the  bottom  of  G  in  a  finely-gronnd  state, 
ready  for  packing.  The  gases  driven  off  in  drying  escape  by  a 
pipe  R  in  the  top.  If  hollow  plates  are  to  be  dispensed  with, 
the  gas  can  be  conveyed  directly  into  the  cyliader.  [It  will 
be  seen  that  this  apparatus  is  quite  similar  to  MacDougall's 
pyriteS'small  burners.  Vol.  I.  p.  260.  It  is  said  not  to  work 
very  well.]    , 


Fig.  48. 


Fiir.  49. 


Another  drying-apparatus  for  soda  is  shown  in  figs.  48  and 
49;  it  consists  of  an  iron  pan  A,  closed  by  a  cover  through  which 
a  perpendicular  shaft  B  passes  in  a  ginnd.  The  latter  carries 
arms  C,  with  scrapers  D,  which  stir  round  the  bicarbonate,  the  pan 
being  heated  to  the  proper  degree  by  a  fire  below.  The  most 
recent  construction  of  scrapers  is  showa  in  figs.  50  and  51 :  c  is 
the  scraper  itself,  which  has  a  certain  amount  of  play  round 
the  revolving  shaft  B ;  S  is  the  surface  to  be  scraped ;  and  the 
arrow  V  shows  the  direction  in  which  the  scrapers  move. 
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According  to  patent  2143,  1876.  Solvay  separates  the  decom^ 
position  of  the  bicarbonate  from  the  calcining  of  the  soda-ash. 
The  former  he  performs  either  by  means  of  steam  with  an  apparatus 
to  be  described  further  on,  but  evidently  only  intended  for  such 
cases  in  which  a  tolulion  of  sodium  carbonate  is  required  for  the 
manufacture  of  soda  crystals  or  caustic,  or  else  he  employs  chemical 
means  for  removing  the  second  molecule  COj,  viz.  pressing  ammonia 
gas  through  the  mass  or  soaking  it  with  ammoniacal  brine,  both 
at  a  higher  temperature.  [This  does  nut  seem  to  have  been 
practically  applied.] 


Hg,  52  shows  a  more  recent  drying- apparatus,  patented  by  Solvay 
in  1879.  Ahorizontatcast-iron  cylinder,  provided  with  an  agitating- 
shaft  a,  is  heated  all  round  by  the  flame  coming  from  the  grate  b ; 
e  is  the  exit-flue  for  the  fire-gas.  The  moist  bicarbonate  is  intro- 
duced by  the  lateral  chargiug-funnels  d,  d,  which  are  always  kept 
full,  so  as  to  prevent  any  escape  of  gas  in  this  place.  The  calcined 
maas  is  discharged  through  the  pipe  e,  reaching  nearly  to  the 
bottom ;  steam,  NHg,  and  COi  escape  through  /.  The  scrapers 
attached  to  shaft  a  move  the  salt  towards  the  fire  end  and  prevent 
it  from  caking  to  the.  sides  of  the  cylinder.  The  vapours  escaping 
by/are  cooled,  to  condense  the  steam  and  most  of  the  ammonia 
(aa  bicarbonate) ;  the  remaining  CO,  is  pumped  away,  together 
with  a  little  NH|,  and  is  pumped  into  the  carhonating- tower  in  a 
place  where  normal  ammonium  carbonate  is  already  formed  and 
is  thna  converted  into  bicarbonate. 

Unger  (Oerm.  pat.  10392)  describes  a  similar  apparatus,  eoiij 
•isting  of  a  horizontal  retort  with  a  carrying-screw  (creeper). 

The  German  patents  Nob.  16I3I  and  23190  of  Solvay  prescribe 
inii'"g  some  dry  soda  with  the  moist  bicarbonate,  in  order  to. 
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prerent  its  clogging  the  agitating-gear,  and  describe  an  apparatus 
intended  to  perForm  this  mechanically. 

Mond  (Eng.  pat.  716,  1883)  retunm  to  a  circular  pan  with 
agitating-gear  and  cover. 

In  1887,  Solvay  again  patented  an  apparatus  intended  for  a 
mixture  of  moist  bicarbonate  and  di;  soda-ash  (Eng,  pat.  13323, 
1887).     This  is  shown  in  fig.  53.     A  wronghuiron  or  cast-iron 

Fig.6S. 


drum  C  is  placed  on  rollers  T)  above  a  fireplace  F,  and  is  kept 
revolving.  Within  the  charging-fnunel  T  there  is  a  propeller  &, 
moving  the  damp  bicarbonate  from  B  to  P,  and  preventing  any 
gas  from  escaping  here.  At  tbe  same  time  dry  hot  soda-ash  from 
theexit  end  of  the  cylinderis  charged  into  P  through  T'  and  the 
propeller  V,  and  is  mixed  by  the  propeller  H  with  the  damp 
bicarbonate.  Propeller  V  does  not  quite  reach  to  the  elbow  r,  so 
that  some  soda-ash  accumulates  there  and  forms  a  gas>tight  late. 
Through  the  drop-tube  T*  and  the  box  R  the  mixture  gets  into 
the  calcining-drum  C.  From  this  the  calcined  mass  is  lifted  out 
by  the  scoop  G,  which  is  fixed  at  the  bottom  of  tbe  drum,  moves 
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in  the  same  directioo,  takes  up  some  soda-ash  at  each  revolution 
and  throws  it  against  the  fhaft  a,  vhose  teeth,  together  with  the 
teeth  on  the  inside  of  G,  crush  the  lumps.  Propeller  V  turns 
in  the  opposite  direction  to  the  drum  and  moves  the  scooped-out 
ash  towards  the  discharging-tube  U ;  it  does  not  quite  reach  to 
the  mouth  of  U,  so  that  here  also  a  plug  of  soda-ash  is  formed, 
which  keeps  the  furnace  gas-tight  at  this  place.  The  vapours 
escape  through  the  branch-tuhe  S,  fixed  on  T*.  The  heavy  drum 
K  prevents  the  formation  of  crusts  within  C. 

Solvav's  apparatus,  shown  in  fig.  52,  is  on  principle  exactly 
similar  to  Thelen's  drying- apparatus;  constructed  for  Leblanc  soda 
(Vol.  II.  p.  663,  Eng.  pat.  4747,  1879).  Tbe  latter  has  been 
adopted  by  most  ammonia-soda  works,  including  Solvay's  own, 
with  the  modification  of  closing  the  top  hy  a  cover  and  providing 
an  outlet-pipe  for  the  vapours.     This  form  is  Ehown  in  figs.  54 

Fig.  65. 


and  55,  WlthTheleo  pans  the  work  can  be  continued  up  to  driving 
out  all  the  bicarbonate  COi,  thus  producing  finish^  soda-ash, 
which  needs  no  grinding  and  is  of  very  good  colour,  as  it  contains 
no  dust  from  fireplaces  ;  bnt  it  is  very  porous,  which  causes  some 
drawbacks,  to  be  subsequently  mentioned,  and  the  apparatus  also 
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suffers  a  good  deal  if  the  calcining  is  driven  up  to  this  point 
(oomp.  infra) . 

The  Thelen  pans  are  mostly  from  7  to  8  feet  wide  and  about 
80  feet  long ;  they  are  composed  of  sereral  pieces  of  cast-iron  and 
are  covered  at  the  top  to  collect  and  utilize  the  gas.  The  heating 
is  produced  by  an  ordinary  fireplace  at  the  end  opposite  to  the 
entrance  of  the  damp  bicarbonate.  The  agitating-gear  has  an 
oscillating  movement,  and  causes  not  merely  the  sides  of  the  pan 
to  be  kept  free  from  crusts,  but  also  moves  the  mass  slowly  towards 
the  fire  end,  where  it  is  discharged  in  the  dry  state.  With  suffi- 
cient care  in  keeping  the  cover  tight  and  avoiding  any  unnecessary 
opening  of  the  man-holes,  gas  containing  from  60  to  80  %  CO2 
can  be  obtained  here,  whereas  in  the  ordinary  drying-apparatus 
the  gas  tests  only  50  ^Z^,  and  in  that  used  a  number  of  years  ago 
only  25  ^/^  COj,  owing  to  the  admixture  of  air.  According  to 
the  size  of  the  pan  and  the  percentage  of  moisture  in  the  bicarbonate 
one  pan  produces  from  7  to  15  tons  of  soda-ash  in  27  hours,  with 
an  expenditure  of  20  or  25  %  of  coal;  The  larger  they  are,  the 
better  they  work.  The  product  is  fit  for  packing  at  once,  unless 
dense  soda-ash  is  required. 

Usually  the  drying  in  all  the  apparatus  hitherto  described  is 
not  carried  to  the  point  that  all  the  NaHCOj  is  converted  into 
NajCOs ;  this  would  require  too  much  time,  fuel,  and  wear  and 
tear  of  the  apparatus,  which  would  not  be  covered  by  the  small 
gain  of  carbonic  acid.  Usually  the  process  is  continued  only  up 
to  the  point  where  the  whole  of  the  ammonia  is  sure  to  be  driven 
off,  at  which  point  about  25  per  ceut.  of  the  bicarbonate  is  still 
undecomposed.  The  last  calcining  is  performed  in  a  reverberatory 
furnace,  which  takes  less  fuel  and  yields  denser  soda  than  the 
direct  finishing  in  closed  apparatus  heated  from  without.  The 
Solvay  works  now  proceed  in  this  manner :  first  drying  in  Thelen 
pans  up  to  the  degree  just  mentioned  and  afterwards,  if  needful, 
calcining  by  open  fire  in  Mactear  furnaces. 

The  apparatus  described  in  the  following  pages  are  seldom,  if 
ever,  used,  even  at  the  Solvay  works. 

In  one  of  his  patents  Solvay  employs  for  the  final  calcining, 
after  previously  drying,  a  cylindrical  furnace  somewhat  inclined 
(figs.  56  and  57),  consisting  of  an  iron  shell  and  a  brick  lining 
which  is  slowly  turned  round  by  the  cog-wheels  E  and  e ;  it  is 
supported  on  friction-rollers  r  and  r'.     F  is  a  kind  of  gas-generator ; 
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Ty  the  hopper  for  introducing  coals ;  B^  the  pipe  for  supplying  the 
bicarbonate ;  C^  chamber  for  collecting  the  calcined  soda-ash. 

At  the  Northwich  works  the  bicarbonate  was  in  1878  first 
subjected  to  a  comparatively  low  temperature  in  a  closed  roaster^ 
within  which  a  perpendicular  shaft  revolved  with  horizontal  arms 
and  scrapers  sweeping  its  bed;  but  the  operation  was  always 
finished  in  other  closed  roasters  (muffle-furnaces),  where  the  soda- 
ash  was  brought  to  a  bright-red  beat  by  gaseous  fuel.  Thus  it 
becomes  much  denser  than  that  finished  at  a  low  temperature. 
By  mechanical  pounding  in  the  casks  it  becomes  still  denser^ 
but  never  quite  so  dense  as  calcined  ash  made  by  Leblanc's 
process. 

Solvay  afterwards  patented  (No.  2687,  1877)  the  following 
process  for  obtaining  soda-ash  in  a  dense  form  for  melting- 
operations  : — ^The  damp  bicarbonate  is  continuously  or  gradually 
put  into  the  funnel  E  (fig.  58) ,  and  from  this  gets  into  the  trough 
C.  Here  some  monocarbonate  is  formed.  C0«,  NHg,  and  steam 
are  conveyed  away  by  the  pipe  T.  The  shaft  A,  moved  by  a  cog- 
wheel^ carries  two  arms  F  F,  to  which  the  scrapers  R  are  attached 
on  a  swivel-joint ;  these  prevent  the  sticking  of  the  mass  to  the 
trough.  While  the  soda  is  descending  in  the  retort  G^  it  is  heated 
up  to  the  melting-point,  and  can  be  run  ofiT  through  the  openings 
O  and  (y.  When  it  runs  off  through  the  opening  O'^  the  impurities 
settle  in  front  of  the  lower  opening  O^  and  can  be  removed  through 
it.     U  is  the  fire-grate  ;  I  and  K,  smoke-flues. 

Figs.  59  and  60  show  another  arrangement  of  the  apparatus, 
in  which  the  retort  has  a  different  shape^  and  is  provided  with  the 
pipe  /  for  running  off  the  soda,  b  b  are  fire-bricks  distributing 
the  flame  to  make  the  temperature  of  the  apparatus  more  uniform. 
Fig.  61  shows  an  apparatus  working  without  machinery.  The  soda 
or  bicarbonate  is  put  into  the  hopper  E,  till  the  vessel  C  is  filled. 
The  melted  mass  runs  off  through  / ;  NHs  and  CO^,  along  with 
steam^  escape  by  T.  Within  C  the  bell  X  can  be  placed,  in  order 
to  diminish  the  thickness  of  soda  to  be  heated.  The  vessels  for 
melting  the  soda  can  be  made  of  cast  or  wrought  iron,  steel,  or 
other  metal^  and  protected  against  the  oxidizing  action  by  a  coating 
of  fireclay  or  a  paint  of  borax  solution  &c. ;  or  the  non-oxidizing 
flame  of  a  Siemens  furnace  may  be  employed ;  or  the  part  of  the 
apparatus  in  which  the  soda  is  melted  may  be  made  of  silver  or 
silvered. 
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The  simplest  plan  for  cooling  the  soda  run  out  is  by  squirting 
u  little  water  upon  it  as  will  evaporate  at  once  without  being 
absorbed  bv  the  soda.  If  it  is  to  be  granulated,  it  is  run  upon 
a  revolving  metal  plate,  and  at  tbe  same  time  a  small  jet  of  water 
(as  just  mentioned)  is  run  upon  it. 

In  order  to  make  soda-ash  containing  a  little  caustic  (similar 
to  the  "  sels  caustiques  "  of  French  works),  a  steam-jet  is  forced 
through  the  melted  soda  or  upon  its  surface.  Tbis  expels  some 
COi  and  generates  NaOH,  which  can  be  continued  up  to  the 
desired  point;  in  the  continuous  apparatus  the  steam-jet  must  be 
continuous  as  well,  and  regulated  according  to  the  degree  of  caus- 
ticity desired.  The  steam-pipe  is  shown  in  fig.  58  at  P;  its  end 
is  perforated  with  small  holes.  When  employing  the  apparatus 
fig.  60  or  61 ,  the  soda  is  best  first  run  into  a  vessel,  where  it 
is  kept  in  the  liquid  state,  and  there  treated  by  steam. 

In  order  to  make  soda  of  weaker  strength,  Solvay  soaks  it  with 
brine  before  drying  it  j  or  a  sufficient  quantity  of  water  is  incor- 
porated with  it  by  contact  at  tbe  ordinary  temperature.  [In  many 
casea  neither  of  these  plans  are  feasible.] 
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Boulouvsrd's  calctning-apparatiis  (French  pat.  114852,  1876)  is 
showu  in  figs.  62  and  63  on  a  scale  of  1  :  30.  It  consists  of  a  set 
of  cast-iron  retorts  a,  a,  rectangular  in  section,  4  in.  vide  and  1  ft. 
8  in.  high,  with  a  common  head  B.  Each  retort  receives  two 
sheet-iron  boxes  c  and  d,  with  perforated  sides.  The  fianie  coming 
from  the  fireplace  /  entirely  surrounds  the  retorts  a,  a ;  the 
escaping  steam  and  carbonic  acid  arrive  first  in  the  bead  B,  then 
escape  through  the  pipe  c,  provided  nith  a  valve,  and  get  into 
the  lead  cooling-worm  r.    Each  of  the  12  boxes  c,  d  receives  a 
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chai^  of  20  kil  hicarbonnte  The  calcining  lasts  about  six 
hours ;  then  the  door  e  is  opened,  the  boxes  are  drawn  out  b^ 
meaUB  of  an  iron  hook  and  are  emptied  in  the  warehouite. 

Mond  (Eugl.  pat.  716,  1883)  employs  a  combination  of  a 
mechiinical  muffle-furnace  and  a  reverberatory  furnace.  In  the 
first  NH|  and  CO,  are  driven  out,  in  the  aecoud  the  calcining  ts 
finished. 

Honigmann  (Germ.  pat.  13782}  calcines  the  bicarbonate  by 
hot  lime-kiln  gas,  vhichis  thereby  made  richer  in  CO,  and  receives 
some  NHg.  [This  process  seems  useless,  as  the  aoda-ash  must  be 
too  much  contaminated  with  dust  drawn  from  the  lime^kilns; 
if  that  dust  is  to  be  removed,  recourse  must  be  had  to  washing, 
and  this  cools  the  gas  I]  About  the  same  time  P<^chiney  patented 
the  same  thing  (Engl.  pat.  2099,  iB80],  and  this  was  repeated 
much  later  by  Gossage  (Engl.  pat.  15822,  1891).  Pechiney  states 
that  by  this  process  the  soda-ash  is  obtained  in  a  more  granular 
state  than  usual. 
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Herberts  (Engl.  pat.  8617,  ISSl)  describes  an  apparatus  for 
this  object  in  which  the  removal  of  the  COj  is  to  be  effected  by 
methodical  treatment  in  five  cylinders,  provided  with  agilatiog. 
^ar,  mounted  terrace-wise,  and  heated  by  open  fire  or  steam. 

Schiichtermanu  and  Kremer  (Germ.  pat.  61349)  employ  a  set  of 
semi- cylindrical  troughs,  mounted  on  a  common  block  of  brick- 
work in  such  manner  that  the  conTeying-blades  revolving  therein 
both  agitate  the  mass  and  throw  it  from  one  vessel  into  the 
other. 

La  Society  Marcheville  Daguin  et  Cie.  (Engl,  pat  12997, 1893) 
describes  a  revolving  furnace  with  vertical  axis  for  the  same 
purpose. 

Bell  (Engl.  pat.  13708,  1893)  employs  a  retort  in  which  snper- 
heated  steam  is  made  to  decompose  the  moist  bicarbonate  into 
NajCO|  and  almost  pure  CO,,  which  is  again  used  after  con- 
densing the  water  by  cooling. 
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Rube  (Grerm.  pat,  13^430)  describes  a  continuous  calciner^ 
indirectly  fired^  somewhat  similar  to  Solvay's  first  drying-apparatus 
<p.  82). 

A  similar  apparatus  is  Frasch's  shelf-furnace  with  mechanical 
^tirrers^  cooled  by  water^  which  I  have  described  in  Zsch.  f.  angew. 
Oliem.  1894^  p.  15^  as  a  roasting-fixmace  for  sulphides.  For  the 
present  purpose  it  must  of  course  be  provided  with  a  special  fire, 
preferably  a  gas-producer,  or  else  it  is  heated  by  liquid  fuel  injected 
in  the  form  of  a  spray. 

Matheson  and  Hawliczek  (Engl.  pat.  575S,  1887)  propose  to 
make  denser  soda- ash  than  usual  with  ammonia-soda.  Their 
apparatus  consists  of  a  cylinder  heated  from  below^  in  which  the 
mass  is  mechanically  stirred  and  moved  from  one  end  to  the  other. 
It  is  very  long,  so  that  the  conversion  into  normal  carbonate  is 
finished  about  the  middle  of  its  length.  In  this  place  a  spray  of 
water  or  a  jet  of  stream  is  injected^  which  makes  the  mass  granular 
and  dense;  at  the  other  end  it  runs  out  into  a  discharging-shoot 
leading  to  the  milL 

At  most  works,  where  the  salt  coming  from  Thelen  pans  is  to 
be  made  denser,  a  Mactear  carbotiating  furnace  is  employed,  as 
is  described  and  illustrated  in  Vol.  II.  p.  677*  By  this  ammonia- 
soda  can  be  brought  to  a  density  of  1*0,  that  is  70  lbs.  per  cubic 
foot,  which  is  near  enough  to  that  of  Leblanc  soda,  althou^  not 
quite  equal  to  it  (comp.  Vol.  II.  p.  110).  At  the  Solvay  works  all 
the  salt  is  first  dried  in  Thelen  pans  ;  that  portion  of  it  which  has 
to  be  made  denser  is  then  carried  by  a  mechanical  elevator  into 
Mactear  furnaces,  and  is  there  calcined  with  mechanical  stirring 
{p.  89).  It  is  then  fit  for  over-sea  carriage  or  other  special  uses 
of  dense  soda-ash. 

Cdruun^tum  of  Fud  in  Calcining. — ^In  the  case  of  closed  appa- 
ratus coal  is  used  for  firing;  Mactear  furnaces  and  other  open 
fomacea  must  be  fired  with  coke.  Schreib  (Chem.  Zeit.  1890, 
p.  493)  states  the  consumption  of  coke  as  15  parts  for  100  soda-ash. 

Treatment  of  the  escaping  Vapours. — ^All  apparatus  for  the  first 
treatment  of  bicarbonate  (excepting  the  open  'Jumaces  intended 
to  produce  the  final  degree  of  density)  must  be  closed,  to  utilize 
the  escaping  carbonic  add  and  ammonia.  Anj  NH4CI  present  at 
first  is  in  this  process  converted  into  ammonium  carbonate,  which 
escapes,  split  up  into  NHs,  COj^  and  H^O.  These  three  are  there- 
fore  the  components  of  the  escaping  gases,  together  with  a  little 
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air.  They  are  first  cooled  down  by  any  suitable  means^  e.  g, 
tubular  coolers  flusbedwith  water  outside^  in  which  a  solution  of 
ammonium  carbonate  is  condensed.  The  gases  then  pass  through 
a  scrubber^  in  which  they  yield  the  remainder  of  their  NH^  to 
water.  After  this  comparatively  pure  carbonic  acid  is  left^  which 
8  forced^  by  the  same  pump  which  has  aspirated  the  vapours,  from 
the  drying  apparatus  and  through  the  coolers  and  scrubbers  into 
the  carbonators,  preferably  at  a  place  where  ammonium  carbonate 
is  already  formed  and  is  to  be  further  transformed  into  bicarbonate 
(pp.  59,  66,  fee). 

Fassbender  (Zsch.  f.  angew.  Ch.  1893,  p.  260)  gives  a  detailed 
calculation,  according  to  which  the  vacuam-pump  for  the  calcining- 
pans  requires  10  effective  H.P.  for  a  production  of  10  tons  soda- 
ash  per  day. 

The  ammoniacal  liquors,  obtained  by  the  above-mentioned  coolers 
and  scrubbers,  are  returned  to  the  ammonia-stills,  unless  they  can 
be  employed  for  dissolving  salt  or  purifying  brine  (p.  22) .  They  are 
best  treated  in  a  special  still  which  serves  only  for  these  weak 
liquors.  It  has  not  been  found  advantageous  to  leave  the  NHs  in* 
the  CO2  gas  and  use  this  directly  for  the  carbonating  process,, 
probably  because  losses  occur  during  the  transit  through  a  long 
string  of  pipes. 

Cooling  and  Packing  the  Soda^ash. 

At  large  factories  the  cooling  of  the  soda-ash,  as  it  comes  from 
the  calciners,  would  take  too  much  time  and  space  in  the  ware- 
house before  it  could  be  transferred  to  the  mills  or  packages. 
Therefore  mechanical  coolers  are  employed,  consisting  of  an  endless- 
carrying  plane,  composed  of  iron  plates  cooled  by  water  from 
below ;  they  receive  the  hot  stuJQT  from  the  calciner  at  one  end  and 
deliver  it  cooled  down  at  the  other  end  to  the  mills,  as  described 
in  Vol.  II.  p.  688. 

Ammonia-ash  is  packed  partly  in  casks,  as  in  the  case  of  Leblanc 
ash  (Vol.  II.  p.  689),  and  partly  in  bags,  which  are  much  cheaper 
and  well  adapted  for  inland  transit. 

III.  Manufacture  of  Caustic  Soda  and  Soda  Crystals  directly  from 

Bicarbonate  without  Calcining. 

Drying  or  calcining  apparatus  for  the  crude  bicarbonate  is 
unnecessary  where  it  is  not  intended  to  sell  the  finished  product  as- 
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soda-ashy  bat  in  the  shape  of'  caustic  or  crystals^  where  it  is 
requisite  to  prepare  first  a  solution  of  soda.  In  these  cases 
the  moist  washed  carbonate  can  be  treated  in  the  state  of  a 
paste  with  steam,  preferably  with  mechanical  stirring;  the 
escaping  mixture  of  steam,  ammonia,  and  carbonic  acid  is 
cooled  down,  to  condense  a  solution  of  ammonium  carbonate, 
and  the  remaining  COj,  containing  a  little  NHg,  is  used  over 
again  in  the  process.  From  the  paste  a  solution  is  formed  con- 
taining mostly  normal  sodium  carbonate,  which  can  be  worked 
up  into  soda  crystals  or  caustic  soda..  Much  steam  is  used 
in  this  process,  and  the  question  whether  this  is  cheaper  than 
diying  in  a  Thelen  pan  and  re-dissolving  will  be  decided  differently 
in  different  places.  At  all  events,  the  Solvay  works  proceed  in 
the  first-described  manner. 

It  is  practically  impossible  to  expel  the  bicarbonate-carbonic 
acid  completely  by  merely  boiling  the  liquor;  this,  at  all  events, 
wonld  cost  too  much  time  and  steam.  If  caustic  soda  is  to  be 
manufactured  it  is  usual  to  boil  till  about  three-fourths  or  four- 
fifths  of  the  alkali  is  present  as  normal  carbonate,  and  only  one- 
fourth  or  one-fifth  is  left  as  NaHCOj  (comp.  Vol.  II.  p.  745) .  This, 
of  course,  involves  a  considerably  larger  consumption  of  lime  than 
with  Leblanc  ash^  and  even  a  larger  excess  in  comparison  with  the 
use  of  crude  Leblanc  tank-liquor,  which  contains  much  NaOH  to 
begin  with.  This  circumstance  not  merely  increases  the  expense 
for  lime,  but  it  also  causes  more  loss  through  the  formation  of 
gaylnssite  (Vol.  11.  p.  754),  which  must  be  taken  into  accoimt 
when  drawing  up  estimates  of  cost. 

An  estimate  of  the  materials  and  costs  in  manufacturing  caustic 
soda  from  ammonia-soda  has  been  given  Vol.  II.  p.  808. 

For  crystal  soda  the  liquor  directly  obtained  by  boiling  cannot 
be  immediately  employed ;  in  the  presence  of  bicarbonate,  even  in 
small  quantity^  small  pointed  crystals  are  formed  in  lieu  of  the 
large  crystals  required  in  trade.  The  bicarbonate  must  be  first 
lemoved  by  adding  some  caustic  soda  or  by  lime.  To  obtain  large 
bard  crystals  it  is  necessary  to  add  about  2  or  3  per  cent,  sodium 
solphate  of  the  weight  of  the  sodium  carbonate ;  this  also  holds 
good  when  manufacturing  crystal  soda  from  calcined  ammonia-soda 
(oomp.  Vol.  n.  p.  704). 

A  complete  removal  of  the  bicarbonate  in  making  crystals  from 
ammonia-soda  does  not  seem  to  be  either  necessary  or  usual.    At 
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least  crystals  of  urao  {four-thirds  carbonate)  have  beea  found  by 
CI.  Winkler  in  mother  liquors  of  the  Ebensee  ammonia-Boda 
works  (Zsch.  f.  angew.  Chem.  1893,  p.  446). 

Tig.  64. 


In  Solvay's  Engl,  pat.  2173,  1876,  an  apparatus  ia  described  for 
the  above  purpose,  as  shown  in  fig.  64.  A,  B,  C,  D  are  the 
decomposing- vessels,  O  a  distributor  supplied  with  steam  through 
T,  which  admits  of  putting  one  or  more  of  the  vessels  A  to  D  out 
of  turn  for  emptying  and  refilling.  If,  e,  g.,  A  is  to  be  emptied, 
and  D  to  be  filled,  steam  is  sent  from  O  through  /  into  the  upper 
part  of  B,  where  it  penetrates  through  the  bicarbonate,  issues  at 
/*,  again  enters  the  distributor,  leaves  this  at  t',  enters  again 
through  ^,  and  finally  escapes  at  i*  into  the  top  of  the  ammonia 
still,  where  its  COg  is  utilized.  The  heat  of  the  steam  suffices  for 
decomposing  the  bicarbonate ;  the  water  condensing  there  asusts 
by  the  latent  heat  being  liberated  during  its  liquefaction.  The 
liquor  running  away  is  employed  for  the  first  Uxiviation  of  the 
crude  bicarbonate  on  the  filt^^. 

Abel  (Engl.  pat.  3656,  188S)  patents  the  manufacture  of  soda 
crystals  from  bicarbonate  in  the  way  just  described;  also  H.  Gaskell 
(No.  4274,  1886). 

Uawliczek  (No.  9426,  1885)  proceeds  in  the  same  way,  but 
the  solution  obtained,  which  is  coloured  greenish  by  tarry  sub- 
stances, is  treated  with  chlorine  water,  and  then  on  cooling 
yields  perfectly  white  crystals.     His    apparatus    consists    of  a 
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cjrliiidrical  ressel  with  conical  bottom;  steam  enters  just  above 
the  lowest  point  through  a  bell  nicked  out  at  the  bottom; 
above  this  is  a  journal  for  the  agitating-gear,  consisting  of  two 
spiral  blades  wound  in  opposite  directions.  On  boiling  at  the 
ordinaiy  pressure  the  decomposition  does  not  exceed  40  per 
cent. ;  it  must  therefore  be  completed  by  high-pressure  steam  and 
agitation. 

Campbell^  Boyd^  and  Kirkpatrick  (No.  21,071,  1890)  again 
patent  boiling  in  aqueous  solution  of  bicarbonate  with  steam,  in 
order  to  work  up  the  remaining  liquid  for  caustic  soda.  As  an 
altematiye  for  the  use  of  steam  they  mention  hot  lime-kiln  gas  for 
decomposing  the  bicarbonate.  [This  will  hardly  work,  on  account 
of  the  impurity  of  lime-kiln  gas.] 

Staub  (Engl.  pat.  7859,  1887)  describes  the  conversion  of  an 
agneouM  sohUion  of  sodium  bicarbonate  into  monocarbonate  by 
ammonia.  On  heating  a  solution  of  NaHCOs  with  ammonia, 
ammoninm  carbonate,  or  sulphide,  the  CO^  combined  with  the 
NHs  is  drawn  off  in  the  gaseous  form,  while  the  NH3  remains 
behind,  withdraws  more  CO9  from  the  NaHCOs,  and  thus  finally 
leayes  Na,COs  behind.  This  is  promoted  by  pressure.  The 
inventor  makes  bicarbonate  solution  with  a  solution  of  ammonia 
at  60^  C.  in  a  cylinder,  exactly  similar  to  the  old  ammonia- 
taturator  described  by  Solvay  (fig.  3,  p.  26),  provided  with  an  inner 
steam-coil  and  agitating-gear,and  pumps  the  solutioninto  a  column, 
consisting  of  a  Solvay  tower  combined  with  an  ammonia  distilling- 
colnmn.  The  solution  runs  in  at  the  top ;  steam  and  ammonia 
eater  at  the  bottom.  Higher  up,  as  already  mentioned,  ammo- 
nium carbonate  is  formed,  as  well  as  sodium  monocarbonate ;  the 
fisrmer  on  descending  is  again  split  up  into  COj,  which  escapes  as 
a  gas,  and  free  NH3,  which  in  the  hottest  place,  near  the  bottom, 
is  equally  expelled,  so  that  the  solution  leaving  the  tower  contains 
noiUng  but  pure  Na^COs.  ^  once  the  whole  process  is  in  proper 
order,  only  so  much  NHs  mast  be  introduced  as  is  required  for 
covering  any  loss  of  it.  At  the  top  the  CO^  escapes  and  is,  as 
usual,  purified  from  steam  and  ammonia  by  a  tubular  condenser. 

By  a  similar  method  (Engl.  pat.  8129,  1887)  Staub  proposes 
precipitating  from  solutions  of  sodium  carbonate  by  means  of 
ammonia  certain  hydrates  of  sodium  carbonate,  differing  according 
to  the  temperature  and  pressure  employed. 


102  THE  AMMONIA-SODA  PBOCKB8. 


CHAPTER  VI. 

RECOVERY  OF  THE  AMMONIA, 

The  mother  liquors  and  washings  running  from  the  bicarbonate 
filters  contain  most  of  the  ammonia,  yiz.  everything  except  that 
recovered  in  the  washers  for  the  gases  escaping  from  the  various 
apparatus.  The  greater  portion  of  the  ammonia  is  present  in  the 
mother  liquors  as  chloride^  but  an  essential  portion  of  it^  say  15  or 
20  per  cent.  (qomp.  p.  71),  in  the  state  of  bicarbonate.  In  other 
words,  the  s^Slnh  bicarbonate  present  with  the  ammonium 
chloride  in  the  mother  liquor,  on  heating  the  liquor,  decomposes 
into  ammonium  chloride  and  ammonium  bicarbonate^.  Apart 
from  this  the  liquor,  of  course,  contains  the  whole  of  the  sodium 
chloride  which  has  escaped  the  principal  reaction,  and  this  is 
augmented  by  that  formed  in  the  reaction  between  NH4CI  and 

NaHCOa. 

The  chemical  analysis  of  the  mother  liquors  up  to  the  stage  of 
distillation  embraces  the  estimation  of  free  and  fixed  NH3,  as 
described  on  p.  32 ;  also  that  of  the  undecomposed  NaCl.  The 
latter  is  performed  by  evaporating  10  c.  c.  in  a  platinum  capsule, 
igniting  till  all  NH4CI  has  been  volatilized,  and  weighing. 

Since  the  ammonia-soda  makers  must  compensate  the  inevitable 
manufacturing  loss  of  ammonia  by  a  fresh  supply,  and  since  this  is 
regularly  done  by  passing  the  commercial  ammonium  compounds 
through  the  stills,  together  with  the  mother  liquors  from  the 
process,  we  will  treat  of  the  fresh  supply  in  this  place. 

Ammonia  is  commercially  procurable  either  in  the  shape  of  crude 
gas-liquor,  or  ot  concentrated  gas4iquor,  or  of  solid  sulphate  of 
ammonia.  Concerning  the  origin,  preparation,  and  properties  of 
these  substances,  1  refer  the  reader  to  my  '  Coal-tar  and  Ammonia ' 

*  Accoiding  to  tbe  modeni  theories  of  electrolytic  dissociation,  most  of  the 
salts  are  split  up  into  free  ions ;  but  it  is  the  less  needful  to  discuss  this,  as  in 
such  concentrated  solutions  there  must  be  also  undissociated  molecules  of  the 
salts. 
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(^d  edition,  1887).  Here  1  aimply  quote  the  testing  methods  for 
those  commercial  producta,  and  these  onl}?  so  far  as  they  are  of 
ioterest  for  the  present  purpose. 

The  crude  or  concentrated  gas-Uquor  contains  the  NHg  prind- 
pally  as  carbooate,  also  partly  as  sulphide  {volatile  ammonia),  much 
less  as  chloride,  sulphocyanide,  thiosulphate,  ferrocyanide,  &c. 
(fixed  ammonia),  which  compounds  give  up  the  NH,  only  on 
boiling  with  alkali  or  lime.  For  our  purpose  we  require  merely 
the  following  tests : — 

1.  Volatile  Ammonia. — Dilute  20  c.  c.  gas-liquor  with  10  c.  c. 
water,  add  30  c.  c.  normal  hydrochloric  acid,  boil  till  all  COj  and 
HiS  has  been  expelled,  and  titrate  back  with  semi-normal  soda 
solution,  employing  the  ordinary  indicators.  In  case  of  strongly 
coloured  liquor  it  must  be  diluted,  or  the  point  of  neutrality  must 
be  found  by  means  of  litmus-paper.  Each  c  c.  normal  acid  1* 
=0-017  grm.  NHj,  or  20  c.  c.  —0085  per  cent,  in  100  vols., 
or  =0*4216  ounces  of  strong  vitriol  (03  per  cent.)  per  gallon. 


Fig.  66. 


2.  Total  Ammonia. — Place  20  c.  c.  gas-liquor  into  flask  A  (fig.  65), 
together  with  20  c.  c.  water;  put  80  c.  c.  normal  acid,  diluted  to 
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60  c.  c,  into  tlie  receivers  B  and  C,  B  receiving  the  principal 
portion.  Then  run  in  an  excess  of  milk  of  lime  through  the  tap  a^ 
boil  for  one  or  two  hours  to  drive  all  NHj  into  B,  unite  the  con- 
tents  of  B  and  C,  and  titrate  back  with  semi-normal  soda  solution. 

If  a  indicates  the  number  of  c.  c.  of  the  latter,  30— 5  shows  the 

1. — Spbcipic  Gravities  of  Liquor  Ammonite  at  15°  C. 

(Lunge  and  Wiemik.) 


• 

I. 

Percent 

•S     n 

0^*       1 

0*2 1-I 

Percent. 

at  15' 

NH,. 

'orrecti 
Specif 
for  ± 

0 

Old 

1« 

NH,. 

litre  cc 

ll+l 

CQ 

1-N 

«             1 

QQ 

^H 

0 

1-000 

0-00 

0-0 

0-00018 

0-940 

15-63 

146-9 

0-00039 

0-998 

0-46 

4-6 

0-00018 

0-938 

16-22 

152-1 

(»-00040 

0-996 

0-91 

9-1 

0-00019 

0-936 

16-82 

157-4 

000041 

0-994 

1-37 

13-6 

0-00019 

0-934 

17-42 

162-7 

0-00041 

0-992 

1-84 

18-2 

0-00020 

0-932 

18-03 

168-1 

0-00042 

0-990 

2-31 

22-9 

0-00020 

0-930 

18-64 

173-4 

0-00042 

0-988 

2-80 

27-7 

0-00021 

0-928 

19-25 

178-6 

000043 

0-986 

8-30 

32-6 

C-00021 

0-926 

19-87 

184-2 

000044 

0-984 

3-80 

37-4 

000022 

0-924 

20-49 

189-3 

000045 

0-982 

4-30 

42-2 

0-00022 

0-922 

21-12 

194-7 

000046 

0980 

4-80 

47*0 

0-00023 

0-920 

21-75 

200-1 

000047 

0-978 

5-30 

51-8 

0-00023   ; 

0-918 

22-39 

2056 

0-00048 

0-976 

6-80 

56-6 

0-00024 

0-616 

2303 

210-9 

000049 

0-974 

6-30 

61-4 

000024 

0-914 

23-68 

216-3 

0-00060 

0972 

6-80 

66-1 

0-00025 

0-912 

24-33 

221-9 

000051 

0-970 

7-31 

70-9 

000025 

!    0-910 

24-99 

227-4 

000062 

0-968 

7-82 

75-7 

000026 

'    0-908 

26-65 

232-9 

000053 

0-966 

8-33 

80-5 

0-00026 

0-906 

26-31 

238-3 

000054 

0-964 

8-84 

85-2 

0-00027 

0-904 

26-98 

243-9 

000056 

0-962 

9-35 

89-9 

000028 

1    0-902 

27-65 

249-4 

0-00056 

0-960 

9-91 

95-1 

0-00029 

1    0-900 

28-38 

256-0 

0-00057 

0-968 

10-47 

100-3 

000030 

0-898 

2901 

260-5 

0-00058 

0-956 

11-03 

105-4 

000031 

0-896 

29-69 

266-0 

000059 

0-954 

11-60 

110-7 

0-00032 

0-894 

30-37 

271-6 

0-00060 

0-952 

12-17 

1159 

0-00033 

•■    0-892 

1 
1 

31-05 

277-0 

0-00060 

0-960 

12-74 

121-0 

0-00034 

0-890 

31-75 

282-6 

0-00061 

0-948 

13-31 

126-2 

0-00035 

0-888 

32-50 

288-6 

0-00062 

0-946 

13-88 

131-3 

000036 

0-886 

38-25 

294-6 

0-00068 

0944 

14-46 

136-6 

000037 

,    0-884 

3410 

301-4 

0-00064 

0-942 

15-04 

141-7 

0-00038 

0-882 

84-95 

308-3 

0-00065 

COMMERCIAL  AMMONIA  COMPOUNDS. 


105 


normal  acid  consumed^  which  is  expressed  in  terms  of  NHs^  as  in 
No.  1. 

In  the  case  of  concentrated  gas-liquor  less  of  it  is  taken  for 
analysis^  or  more  acid  is  put  into  the  receivers. 

Sulphate  of  Ammonia. — A  good  average  sample  is  taken^  tritu- 
rated^ sifted^  and  well  mixed.  Of  this  1*7  gram  is  put  in  flask  A 
(fig.  65)  (weighing  17  grams^  dissolving  to  500  c.  c,  and  employing 
50  c.  c.  for  each  test)  and  distilled  with  caustic  soda.     Each  c.  c. 

of  the  quantity  of  normal  acid  \     ^    )  shows  0*017  gram=l  per 

cent.  NH3. 


2. — Spscinc  Geayities  of  Solutions  of  Commercial  Ammonium 

Carbonate  at  15°  C. 

(Lunge  and  Smith.) 
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The  result  is  attained  more  conveniently  and  quickly  by  the 
bromine-soda  method^  either  by  means  of  the  azotometer  or  by 
the  gas-Yolumeter  (Vol.  I.  p.  185),  connected  with  a  ''decom- 
posing flask.^'  Each  c.  c.  nitrogen  gas,  reduced  to  0°  C,  760  mill, 
pressure,  and  the  dry  state,  corresponds  to  0*001285  gram  N,  or 
0*001561  gram  NHa,  taking  into  account  the  so-called  ''absorp- 
tion "  of  nitrogen ;  so  that  no  reduction-tables  need  be  applied 
here  (comp.  Lunge  and  Hurter's  '  Alkali-maker^s  Handbook,' 
2nd  ed.  p.  163) . 

In  all  cases  the  principle  followed  on  treating  these  liquors  is 
the  same.  They  are  first  distilled  by  themselves,  imtil  all  the 
ammonia  present  as  carbonate  (in  gas-liquor  also  all  sulphide)  has 
beei^  expelled,  during  which  process  it  splits  up  into  freeNHj,  CO-i 
(or  H28),  and  water.  This  operation  is  always  performed  in 
"  distilling  columns,^'  or  analogous  apparatus,  in  which  the  newly 
arriving  cold  liquor  causes  the  mixture  of  gases  and  steam  to  sepa- 
rate into  liquid  water  and  gases,  so  that  ultimately  a  pretty  pure 
and  dry  mixture  of  CO^  and  NHs  is  evolved,  which  is  at  once 
introduced  into  the  apparatus  for  the  preparation  of  ammoniacal 
brine  (p.  25).  The  residue  in  the  still  contains  the  greater 
portion  of  the  ammonia  in  the  state  of  chloride,  and  is  boiled  with 
lime  until  the  ammonia  has  been  entirely  expelled.  The  residue 
now  remaining  is  a  solution  of  calcium  and  sodium  chloride,  and 
is  mostly  run  to  waste ;  compare,  however,  the  concluding  portion 
of  this  chapter. 

The  apparatus  which  was  used  during  a  considerable  time  at  the 
Solvay  works  for  distilling  the  ammonia  is  described  in  the  patent 
No.  1904  (1876),  p.  6.  It  is  founded  mainly  upon  the  well-known 
principle  of  spirit-rectifying  apparatus;  but  it  allows  first  the 
NH3,  already  present  as  such  or  as  carbonate,  to  escape  before  the 
quicklime  is  introduced,  and  it  utilizes  the  heat  generated  in  slaking 
the  latter  for  distilling  the  ammonia ;  so  that,  besides  this  and 
the  exhaust-steam  of  the  engines,  no  special  source  of  heat  need 
be  applied  (comp.  later  on).  Figs.  66  and  67  arc  a  section  and  a 
plan  of  the  apparatus.  The  liquor  filtering  from  the  bicarbonate 
first  passes  through  the  column  A  for  distillation  without  lime,  and 
then  through  the  four  stills  B  to  B'  for  distilling  with  lime.  The 
stills  B,  B\  B%  B*  communicate  with  each  other  by  a  distributor  C, 
similar  to  those  used  in  gas-works,  which  permits  any  boiler  to 
be  isolated  without  interrupting  the  distillation  in  the  others.     As 
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a  rol^  one  still  is  stopped  for  diacliargiDg  and  rechai^iDg  wltile  the 
other  three  are  working.  The  exhaust-steam  from  the  engines 
puses  throngli  the  pipe  T  into  the  distributor  C,  and  from  this  by 


Fig.  ea 


T  to  tlie  longest-working  still  B ;  from  here  it  returns  by  T* 
into  the  distributor  C,  and  passes  through  T*  into  the  second 
■till  B*.    Similarly  it  passes  into  the  last-filled  still  B';  so  that 
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fresh  steam  enters  precisely  that  still  in  wbich  the  liquor  has  only 
to  be  freed  from  the  last  traces  of  NHj.  When  the  steam  leaves 
the  last  still  B',  it  again  eaters  the  distributor  and  passes  through 
V  into  the  distilling-column  A,  where  it  causes  the  expulsion  of 
the  ammonia  present  as  such  or  as  carbonate.  In  this  coltuna 
the  mother  liquor  from  the  bicarbonate  running  down  acts  so  that 
the  steam  is  condensed,  while  tbe  NH,  passes  on,  and  the  mother 
liquor  receives  a  preliminary  heatiug.  The  last  cooling  is  effected 
in  the  upper  part  of  the  column  by  the  refrigerator  P,  so  that 
from  the  pipe  A'  only  gaseous  ammonia  with  some  ammonium 
carbonate  escapes,  but  no  steam — which  is  very  important,  since 
the  gas  from  here  passes  direct  into  the  "  diasolvera  "  for  brine, 
and  this  must  not  be  diluted  with  water.  Within  the  refrigerator 
P  is  the  cooling-coil  S,  filled  with  liquid  to  be  distilled,  which  thus 
receives  a  first  heating.  On  the  top  is  a  regulator,  consisting  of  a 
float  F  in  a  vessel  R,  and  containing  a  little  water. 
lMfr.67. 


This  water  is  more  or  less  heated  by  the  gas  passing  through; 
the  warmer  it  is,  the  lower  the  float  descends,  and  ultimately  opens 
a  cock  Q,  which  admits  fresh  liquor  into  the  coil — in  the  same 
way  as  tbe  admission  of  steam  into  tbe  distilling-apparatus  is 
regulated.     From   the   coil   tbe   liquor   runs   out   by  L  into  the 
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interior  of  the  distilling-column,  and  from  this  by  /  into  the 
lower  still  which  has  just  been  emptied  and  freshly  charged 
with  lime.  When  just  enough  liquor  has  collected  in  the  lower 
part  O  of  the  column  A  to  fill  one  of  the  stills^  which  can 
be  seen  by  means  of  a  gauge-glass^  the  valve  K  is  closed  by 
the  lever  i,  and  a  further  descent  of  liquor  into  O  prevented. 
Otherwise  the  liquor  in  the  column  always  runs  off  by  the  over- 
flow M,  whilst  the  central  pipes  N  convey  the  NH3 
gas  and  the  steam.  The  convex  false  bottoms  X^  E^ig-  68. 
separately  drawn  in  fig.  68,  serve  for  distributing- 
the  steam  in  the  liquid;  they  are  perforated  with 
many  conical  holes  and  are  nicked  all  round,  y  is 
a  safety-valve  at  the  end  of  a  swan-neck  pipe  filled 
with  water  or  petroleum,  which  prevents  the  NH3 
from  corroding  the  metal  of  the  valve. 

In  the  stills  B  to  B'  the  ammonium  chloride  must  be  decom- 
posed by  lime.  For  this  quicklime,  straight  from  the  kilns,  is 
put  through  the  doors  S  into  the  central  (or  lateral)  cages  P^  which 
retain  the  nnbumt  pieces,  stones,  &c.  The  NH^Cl  liquor  ascend- 
ing in  the  still  B  slakes  the  lime;  and  the  heat  thereby  evolved 
assists  in  the  distillation :  this  can  never  take  place  with  such 
violence  as  to  cause  any  danger,  since  in  this  case  the  evolved  gas 
and  steam  would  force  back  the  liquor  and  not  permit  it  to  enter 
into  the  cage.  Thus  the  heat  of  the  slaking  lime  and  that  of  the 
exhaust-steam  from  T  act  at  the  same  time. 

Solvay  in  the  same  patent  describes  another  apparatus  for  con- 
tinuous distillation  with  a  single  colunm. 

At  the  end  of  the  distillation  the  exhausted  liquor  is  run  o£f  by 
the  cocks  Z ;  and  the  bottom  door  I,  which  at  the  same  time  sup- 
ports the  bottom  of  the  lime-cage  P,  is  opened^  so  that  the  residue 
falls  out  of  the  latter.  In  order  to  separate  the  liquor,  containing 
ealcinm  and  sodium  chloride,  from  the  suspended  matter  (if  it 
is  intended  to  be  utilized),  Solvay  passes  it  through  the  self-acting 
decanting-apparatus,  fig.  69.  The  hot  liquor  passes  through  the 
pipe  C  into  a  central  pipe  B,  whence  the  steam  escapes  through 
the  pipe  D,  while  the  liquor  rises  up  in  the  vessel  A  and  at  the  top 
rans  over  into  the  pipe  F  at  E.  The  lime-mud  settles  at  the 
bottom,  is  scraped  off  the  same  by  scrapers  moved  by  the  hand- 
whed  H,  and  taken  out  at  I.  The  conical  valve  E,  moved  by  the 
lever  M  and  the  rod  N,  prevents  the  fresh  liquor  from  disturbing 
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the  settled  lime-mud.  The  distillation  is  best  carried  on  in  a 
partial  Tacuom,  produced  by  connecting  the  outlet  T*  oE  the 
dieaolvers  (fig.  3,  on  p.  36)  vith  a  water-piston  pump ;  the  gaa, 
before  reaching  the  pump,  first  passes  through  washing-apparatua 
for  retaining  any  ammonia  it  may  contain. 


In  a  French  patent,  No.  130527,  of  1879,  Solvay  mentions  that 
he  then  separated  the  decomposition  of  ammonium  chloride  from 
the  expulsion  of  the  free  NHj,  and  that  he  effected  the  decern-' 
position  by  calcium  hydrate  in  the  form  of  lumps  produced  by 
slaking  quicklime  with  a  solution  of  calcium  or  magnesium 
chloride. 

The  complicated  apparatus  shown  in  figs.  66  to  68  has  been 
abandoned  at  the  Solvay  works  in  favour  of  the  generally  em- 
ployed dia tilling- columns,  consisting  of  two  superposed  parts,  e.g. 
the  shape  described  in  Mond's  patent,  Ko.  715,  1883,  shown  in 
fig,  70.  The  upper  narrower  portion  A  serves  for  expelling  the 
ammonium  carbonate  from  the  liquor  runnii^  in  at  the  top,  aa  it 
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oomes  from  the  filters^  by  means  of  the 
steam  coming  from  below.  This 
upper  part  is  generally  made  of  cast- 
iron^  the  lower  wider  part,  which 
serves  for  decomposing  the  NH4CI,  of 
wronght-iron.  The  shape  of  the  com- 
partments of  this  lower  part  differs 
very  much  from  that  of  the  upper 
part,  as  the  milk  of  lime,  entering  at  a, 
must  be  able  to  gradually  run  down- 
wards without  stopping  up  the  basins. 
Since  all  compartments  must  be  fre- 
quently cleaned  out,  they  are  all  pro- 
vided with  man-holes  A,  b.  The  spent 
liquor  runs  off  at  c ;  steam  is  also  in- 
troduced here. 

These  columns  are  made  of  con- 
siderable size,  up  to  66  feet  high  and 
correspondingly  wide.  The  milk  of 
lime  is  generally  introduced  at  two  or 
three  opposite  places  of  the  lower, 
wider  portion ;  the  Ume-pump  may  be 
coupled  with  the  liquor-pump  in  such 
maimer  that  the  quantity  of  lime 
always  corresponds  to  that  of  the 
liquor  sent  through  the  column. 

The  German  patent  No.  28761  of  the 
Soc.  anon,  des  produits  chimiques  de 
TEst,  describes  a  terrace-shaped  set  of 
five  pans  with  semicircular  bottoms; 
the  three  upper  pans  serve  for  expelling 
the  ammonium  carbonate,  the  two 
lower  ones,  which  are  filled  with  in- 
verted nicked-out  lead  spoons,  for  de- 
composing  the  ammonium  chloride. 

Another  still  of  Solvay's  (Engl.  pat. 
8169,  1889)  is  intended  for  removing 
COs  and  H,S  before  the  NH,. 

Hennebutte  (Amer.  pat.  253045), 
after  expelling  the  ammonium  carbo- 
nate, destroys  the  small  quantity  of  this 


Fig.  70. 
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remainiDg  in  the  liquor  with  the  ammonium  chloride^  as  it  causes 
troublesome  frothing  by  the  formation  of  calcium  carbonate,  by 
'  adding  an  acid  to  the  liquor  before  putting  in  the  lime.  Wigg 
(Engl.  pat.  10295,  1887),  on  the  contrary,  adds  some  calcium 
chloride  to  the  alkaline  liquor  and  removes  the  calcium  carbonate 
formed  by  filtration. 

The  large  quantity  of  lime  required  for  decomposing  the 
ammonium  chloride  makes  the  work  with  ammonia-stills  for 
mother  liquor  much  more  troublesome  than  that  with  ordinary 
gas-liquor,  containing  much  less  fixed  ammonia.  Some  of  the 
column-apparatus  mentioned  have  overcome  this  difficulty ;  but  at 
some  factories  they  still  prefer  the  intermittent  work  in  simple 
cyliDdrical  stills  with  conical  bottoms  as  described  below,  in  which 
the  process  generally  takes  12  hours.  Such  a  still  is  described 
in  Honigmann's  German  patent.  No.  13782.  ^ 

Some  ammonia  columns  are  provided  with  agitating-gear  for 
preventing  an  obstruction  by  the  lime,  e.  g,  P.  Mallet's,  shown  in 
my  '  Coal-tar  and  Ammonia,'  2nd  ed.  pp.  653  &  656 ;  these  are 
said  to  answer  very  well. 

Fassbender  (Zschr.  f .  angew.  Chem.  1893,  p.  167)  describes  the 
ammonia-stills  as  follows,  in  connection  with  the  absorbers  for 
ammoniacal  brine.  They  consist  of  4  or  5  boilers  A,  figs.  71  &  72, 
the  distributor  B,  the  distilling-column  C,  the  cooler  D,  the 
ammonia  absorber  E,  the  vacuum-pump  F,  and  the  mother- 
liquor  basin  G. 

The  boilers  A,  with  a  conical  bottom,  serve  for  distilling  the 
liquor  with  lime.  Fig.  73  shows  puch  a  boiler  with  its  fittings  and 
pipes.  Each  boiler  has  two  pipes  connecting  it  with  the  dis- 
tributor B,  pipe  n  for  the  inlet  and  pipe  o  for  the  outlet  of  the  gas. 
The  latter  ends  at  the  top  of  the  boiler,  the  former  (n)  passes 
through  the  same  downwards  and  ends  4  inches  above  the  lowest 
part  of  the  bottom.  About  18  inches  above  its  end  there  is  a  sieve 
5  feet  in  diameter.  Before  entering  into  the  boiler,  a  branch-pipe jd 
connects  pipes  »  with  the  blow-oflF  pipe  r  for  spent  liquor :  p  can 
be  shut  oflF  by  the  bell-v^Jve  x.  The  shut-off  cock  r  of  the  blow-oflF 
pipe  is  placed  behind  the  junction  with  p.  The  blow-oflF  pipe  dips 
into  the  boiler  almost  as  deeply  as  the  steam-pipe;  therefore 
during  the  distillation,  when  x  is  open,  steam  blows  through  p  and  r 
into  the  boiler  and  keeps  the  blow-oflF  pipe  clean.  The  prevention 
of  escape  from  the  blow-oflF  cock  of  liquor  and  steam  is  secured  by  a 
stop-flange  behind  the  cock.    The  waste  liquor  is  carried  away  by 
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«  pipe  not  shown  in  the  diagram,  and  serves  for  a  preUminar^ 
heating  of  the  boiler-feed  water  before  leaving  the  works. 


B 


Fig.  71. 


Fig.  72. 
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Fig.  73. 
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The  boilers  have  a  valve  s  for  feeding  with  mother  liquor, 
between  which  and  the  boiler  a  stop-flange  is  arranged.  This  is 
necessary  for  the  following  reason : — ^The  4  or  5  boilers  of  a  set  are 
fed  from  a  main-pipe.  As  in  the  boilers  during  distillation  the 
pressure  is  greater  than  in  the  mother-liquor  pipe^  in  the  case  of 
the  valve  leaking  steam  would  enter  into  the  main-pipe  and  disturb 
the  charging  of  the  boilers  put  out  of  turn^  unless  this  was  prevented 
by  the  stop-flange^  which  is  shown  in  side-view  as  well. 

The  steam-space  of  these  boilers  is  connected  with  that  of  the 
column^  in  order  to  equalize  the  pressure  during  the  charging  with 
mother  liquor.  This  pipe  can  be  shut  off  by  a  valve  /,  which  it  is 
best  also  to  provide  with  a  stop-flange.  Tap  u  serves  for  intro- 
ducing the  milk  of  lime.  This  is  run  into  the  boiler  to  be  charged 
by  a  short  piece  of  india^-rubber  tube,  strengthened  by  a  wire 
spiral,  which  serves  for  all  the  boilers.  After  charging,  this  tube 
is  removed,  and  the  inlet  is  shut  by  a  screw-cap.  On  the  cover  of 
the  boiler  there  is  a  man -hole  v,  16  inches  wide,  in  the  bottom 
part  a  cleaning-hole  w,  10  inches  wide.  There  is  also  a  pressure- 
gauge  and  several  small  taps  *  for  taking  samples  and  for  gauging 
the  heights  of  the  liquor.  The  boiler  is  supported  on  brickwork  by 
means  of  8  brackets,  riveted  to  the  conical  parts  in  such  manner 
that  its  bottom  is  easily  accessible. 

The  distributor  B  serves  for  cutting  o£f  one  of  the  boilers  from 
the  steam-pipes,  and  for  feeding  the  others  in  rotation  with  steam. 
Pig.  74  shows  how  the  distributor  acts  in  a  set  of  4  boilers. 
As  is  cut  off,  in  order  to  be 
charged  with  mother  liquor  and 
lime.  The  steam  enters  through  i 
into  the  distributor,  and  passes 
through  ns  first  into  A3,  which  is 
nearly  finished.  From  Ag  the  steam 
^oes  through  O3  into  the  distributor 
xmd  then  through  n^  into  A4.  From 
A4  it  gets  back  into  the  distributor 
find  through  n^  into  Ai,  which  is  the 
l)oiler  last  put  into  series,  and  con- 
taining the  strongest  mother  liquor. 
From  Ai  the  steam,  now  charged  with  ammonia,  goes  for  the  last 
time  into  the  distributor  and  then  passes  over  to  the  distilling- 
€olumn.    When  Aj  has  been  charged,  A3  will  be  finished,  and 
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Its  liquor  can  be  blown  off.  By  moving  the  distributor  fresh  steam 
w  first  introduced  into  boiler  A  (fig.  73),  passes  through  A|  and 
Aj,  and  at  last  into  the  column.  Aj  is  now  cut  off  and  ready  for 
cliarging. 


■S^i^ 


These  changes  were  at  first 
produced  by  valves,  but  these  had 
two  drawbacks.  There  was  a 
loss  of  pressure,  -which  does  not 
signify  with  steam  direct  from  the 
steam-boilers,  but  is  quite  sen- 
sible when  working  with  exhaust 
steam  and  in  a  vacuum.  More- 
over, the  valves  did  not  wear 
well ;  the  spindle  exposed  to  the 
atmosphere  of  ammoniacal  va- 
pour was  quickly  corroded,  and 
all  face-joints  required  to  be  kept 
tight  were  also  very  much  acted 
upon,  so  that  all  joints  had  to 
ho  made  with  india-rubber,  which 
had  to  be  frequently  renewed. 
This  is  avoided  by  the  described 
distributor,  on  the  same  principle 
as  that  applied  by  Soivay,  p.  108, 
both  of  these  being  copied  from 
Clegg's  coal-gas  distributor. 

The  distilling  -  column  em- 
ployed by  Fassbender  for  boiling 
off  the  ammonium  bicarbonate 
is  shown  in  figs.  75  and  76.     The 
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lower  portion  exhibits  the  universally  known  construction^  anci 
requires  no  further  explanation.  There  are  6  compartments  for 
driving  off  the  bicarbonate.  To  the  lowest  of  these  is  attached  the 
waste-liquor  pipe  s  and  the  gas-inlet  n.  The  top  compartment  is 
provided  with  necks  w,  t,  and  ti.  t  effects  the  equalization  of 
pressure  between  the  column  and  that  boiler  which  is  being 
charged  with  liquor  through  «;  ti  effects  the  same  purpose 
between  the  column  and  the  mother-liquor  reservoir.  This  com- 
partment also  contains  a  coil  p  for  heating  up  the  mother  liquor. 
Below  this  coil  there  is  a  number  of  stoneware  balls  r,  over  which 
runs  the  liquor  condensed  in  the  coil  and  the  cooler^  and  is  thereby 
deprived  of  its  ammonia  by  the  ascending  vapours.  Through  vr 
the  mother  liquor  enters  into  the  coil. 

The  cooler  D  forms  a  continuation  of  the  distilling-column.  It 
is  a  tubular  cooler  of  any  desired  shape.  Fassbcnder^  loc,  cit., 
describes  two  forms  of  it^  which  he  proposes  as  improvements  upon 
the  simplaform  shown  here ;  but  the  most  varied  forms  of  columns 
and  coolers^  as  they  are  found  in  the  distillation  of  spirit  of  wine^ 
of  benzol^  &c.^  can  be  employed  here^  always  supposing  their  size 
to  be  suitable  for  the  purpose  in  hand  *. 

If  the  distilling-apparatus  is  properly  constructed  and  care- 
fully worked^  sometimes  the  ammonia  gas  is  obtained  in  such 
a  state  of  dryness  that  the  ammoniacal  brine  need  not  be  enriched 
later  on  by  adding  solid  salt  to  it  (comp.  p.  56). 

Fassbender  {loc.  cit.  p.  226)  gives  detailed  calculations  for  the 
dimensions  of  apparatus  to  be  employed  for  a  certain  amount  of 
work ;  but  I  refrain  from  entering  upon  them^  as  they  seem  to- 
refer  only  to  the  special  construction  of  apparatus  he  has  in  view. 

^^8^-^^-  Fig.  78. 


Fassbender  also  describes  a  reservoir  for  mother  liquor  of  the 
shape  sketched  figs.  77  and  78.  It  is  a  closed  cylinder,  placed  at 
some  distance  above  the  ground,  the  mother  liquor  from  the  filters- 

*.Oomp.  my  '  Coal-Tax  and  Anunoma/  2nd  edition,  p.  462  et  $eq. 
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being  forced  into  it  by  compressed  lime-kiln  gas.  The  neck  n 
serves  for  introducing  the  mother  liquor,  ti  communicates  with  the 
neck  ti  in  fig.  75  by  means  of  a  pipe,  so  that  the  pressure  in  both 
apparatus  is  always  the  same,  and  the  reservoir  follows  the  variations 
of  pressure  in  the  stiU.  The  outlet  w  is  connected  by  a  pipe  with 
the  branch  w  of  the  coil  of  the  distilling-column,  fig.  75,  a  tap 
with  stuffing-box  being  interposed ;  m  is  a  man-hole  and  o  gauge- 
cocks.  The  bottom  of  this  reservoir  is  at  least  13  feet  above  the 
inlet  tp  of  the  column.  As  the  diameter  of  the  reservoir  is  about 
8  feet,  any  variations  of  the  depth  of  liquor  within  cause  only  a 
slight  difference  in  the  average  rate  of  supply  of  liquor  for  the 
column,  which  is  of  great  advantage  for  regular  work. 

Quaniiiy  of  Lime  used  in  the  Ammonia^  Stills. — ^The  work  to  be 
performed  in  the  ammonia-stills  is  calculated  by  Fassbender  on 
the  basis  of  the  data  given  on  p.  70  et  seq.y  in  the  following  way : — 
For  a  daily  production  of  10  tons  soda-ash  we  find  the  subjoined 
quantities  of  NHg  in  the  mother  liquor : — 

NH3  as  sulphate 61*36  kilog. 

„      bicarbonate    690*30     „ 

„      chloride 3466*84      „ 

4218-50      „ 

This  quantity  must  be  distilled  daily  from  81  cub.  metres  of 

4218*5 
mother  liquor;  this  means  hourly  =175' 77  kil.  NHs- 

In  order  to  calculate  the  requisite  quantity  of  lime,  he  assumes 
that  four-fifths  of  the  ammonium  bicarbonate  is  boiled  out  in  the 
4X)luinn,  and  one-fifth,  in  the  state  of  monocarbonate,  gets  into  the 
boiler-still.  The  waste  liquor  contains  25  kil.  NH3,  which  must 
be  deducted.  In  order  to  completely  decompose  the  NH^Cl,  we 
must  employ  an  excess  of  lime,  say  25  per  cent.  We  have  therefore 
io  deal  with: — 

NHg  as  sulphate    61*36  kilog. 

„      carbonate — r—    138*06     „ 


„       chloride    3466*84 

Loss  in  distilling,  &c 25*74 


99 

99 


3692-00      „ 
This  requires  ^7 =6081  kil.  CaO  in  theory,  or,  adding 
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the  excess  of  25  per  cent.^  7600  kil.  CaO;  or  making  some  allow* 
ance  for  loss  as  dust^  &c.^  8085  kil.  94-per-cent.  quicklime.  This 
quantity  is  made  up  to  30  cub.  metres  (=1060  cub.  feet)  milk  of 
lime ;  in  this  case  the  milk  has  still  sufficient  fluidity. 

The  milk  of  lime^  hot  from  the  operation  of  slaking^  is  brought 
up  nearly  to  the  boiling-point  by  the  exhaust-steam  from  the 
stone-hoist  and  the  direct  steam  of  an  injector  serving  as  an 
agitator.  It  arrives  at  its  destination  at  about  90°  C.  As  it  is 
diluted  by  the  water  condensing  from  the  injected  steam,  we  must 
calculate  upon  83  cubic  metres  per  day  or  1375  litres  per  day. 

The  testing  of  the  lime  is  performed  as  described  on  p.  45.  Milk 
of  lime  can  be  tested  in  exactly  the  same  way,  but  the  stock  must 
be  well  mixed  up  before  taking  out  li  sample^  and  this  must  be  well 
shaken  up  before  each  test.  The  requisite  quantity  is  then  quickly 
taken  but  by  a  pipette^  which  is  washed  outside,  before  running 
its  contents  into  the  beaker  in  which  the  titration  is  made.  The 
lime  adhering  to  the  inside  of  the  pipette  is  removed  by  rinsing 
it  with  water,  or  if  necessary  with  some  of  the  standard  acid. 

The  subjoined  table  (reduced  from  that  given  by  Blattner, 
Dingl.  Journ.  ccl.  p.  464)  gives  the  quantity  of  CaO  per  litre  of  a 
milk  of  lime  according  to  its  specific  gravity,  taken  at  15^  in  the 
following  manner : — In  the  case  of  thin  milk  the  reading  must  be 
quickly  taken.  For  thick  milk  the  cylinder  employed  must  be 
pretty  wide,  the  hydrometer  should  be  put  lightly  in,  and  the 
cylinder  slowly  turned  round  on  the  table,  so  that  it  undergoes 
a  slight  shaking,  until  the  hydrometer  ceases  to  descend. 


Degrees 

Gras.  CaO 

Lb.  CaO  per 

Degrees 

Grins.  CaO 

Lb.  CaO  per 

TwaddeU. 

per  litre. 

!    cubic  foot.    1 

!                                 1 

TwaddeU. 

per  litre. 

cubic  foot 

• 

2 

11-7 

0-7 

28 

177 

111 

4 

24-4 

1-5 

30 

190 

11-9 

6 

371 

23 

32 

203 

12-7 

8 

49-8 

3-1 

34 

216 

13-5 

10 

* 

62-5 

3y 

36 

229 

14-3 

12 

75-2 

1 

4-7 

38 

242 

151 

14 

87-9 

6-5 

40 

255 

15-9 

16 

100 

63 

42 

2()8 

167 

18 

113 

71         ' 

44 

281 

17-6 

20     . 

126 

7-9 

46 

294 

18-4 

22 

138 

8-7 

48 

307 

19-2 

24 

152 

9-5 

60 

321 

20-0 

26 

104 

10-3 
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Heating  the  Ammonia- Stills. — ^This  was  formerly  always  done  by 
the  exhaust-steam  of  the  blowing-engine  which  takes  away  the 
lune*kiln  gas.  Solvay^s  patents  mention  this  several  times^  and  I 
have  firequently  seen  it  done  in  practice.  Pick,  in  his  book 
'Die  Alkalien/  2nd  ed.  p.  105,  says  distinctly — '*The  distillation 
18  probably  without  exception  performed  by  exhaust-steam/^  This 
is,  however,  decidedly  a  mistake.  Fassbender  (Zsch.  f.  angew. 
Chem.  1893,  p.  189)  speaks  of  employing  either  boiler-steam  or 
exhaust-steam.  At  the  close  of  his  paper  (p.  264)  he  certainly 
states  that  the  latter  is  preferable,  but  he  does  not  substantiate 
this  for  the  case  where  the  blowing-engine  is  worked  with  conden- 
sation (comp.  next  page).  Schreib  (Chem.  Zeit.  1890,  p.  493),  in 
direct  contradiction  to  Pick,  says :  ''  Probably  direct  (boiler-)  steam 
is  mostly  used  for  boiling.^'  1  have  found  this  to  be  the  case  at 
some  of  the  best  works  I  have  visited  (comp.  also  infra). 

According  to  Fassbender's  detailed  calculations  {loc.  cit,  p.  224), 
the  production  of  10  tons  ammonia-soda,  in  which  4218*5  kil. 
NHs  has  to  be  liberated,  theoretically  requires  in  winter  1464,  in 
summer  1348  kil.  steam  of  1*5  atm.  absolute  tension  per  hour. 
Practically  he  was  able,  with  the  plant  described  by  him,  working 
with  exliaust-steam  and  a  vacuum,  to  expel  for  1  kil.  steam  (iu 
spring)  2'2  kil.  NHs;  hence  he  would  use  in  winter  1976,  in 
summer  1860  kil.  steam  per  hour.  The  difference  between  this 
quantity  of  steam  for  the  stills  and  that  calculated  above  for 
heating-up,  &c.,  yields  the  quantity  of  steam  to  be  dealt  with  by 
the  cooler.  This  is  512  kil.,  of  which  the  greater  portion,  say  345 
litres  of  water,  flows  back  into  the  still;  about  66*6  litres  per 
hour  is  carried  away  into  the  ammonia-absorber.  Tbe  quantity 
of  liquid  daily  removed  by  distillation  is  therefore : — 

In  winter.   In  summer. 

from  the  mother  liquor 81  81  cub.  metres. 

„        milk  of  lime    33  33        „ 


3> 


steam  used  for  heating.      43*4         40*6     „ 


157-4       154-6 

This  steam,  of  1*5  atm.  absolute  ^  pressure,  Fassbender  takes 
from  the  exhaust  of  the  blowing-engine,  calculated  on  p.  49. 
He  also  calculates  the  following  data  for  the  vacuum-pump 
belonging  to  the  ammonia-stills,  for  10  tons  soda-ash  per  day  : — ^ 


A 
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Pressure  of  steam  6  aim.  on  entering^  1*63  atm.  on  leaving  the 
cylinder;  cut-off  at  one  third;  stroke  27*5  inches;  42*8  strokes 
per  minute ;  diameter  of  steam-cylinder  10*8  inches ;  diameter  of 
pomp-cylinder  19*2  inches ;  indicated  H.P.  18 ;  quantity  of  steam 
passed  through  the  inlet-valve  1*20  lbs.  per  hour. 

When  speaking  of  the  application  of  exhaust-steam^  '^  practical 
men'^  frequently,  although  not  consciously,  make  the  totally 
erroneous  assumption  that  this  kind  of  heating  costs  nothing. 
Even  in  such  cases  where  otherwise  the  exhaust-steam  of  a  high- 
pressure  engine  would  freely  puff  out  into  the  air,  as  it  is  certainly 
foimd  to  take  place  in  most  cases  at  chemical  works,  the  utiliza- 
tion of  the  exhaust  must  cause  a  certain  counter-pressure  on  the 
piston,  even  by  the  friction  in  the  pipes,  and  this  must  lessen  the 
work  done,  or  cause  an  excess  consumption  of  coals  for  the  engine. 
Still  in  this  case  that  extra  coal  is  more  than  counterbalanced  by 
the  saving  effected  by  utilizing  the  exhaust-steam  for  heating- 
purposes.  Where,  therefore,  it  is  not  worth  while  working  a 
condensing  steam-engine,  that  utilization  is  quite  rational.  This 
holds  good,  for  instance,  of  the  small  engines  employed  for  fan- 
blasts,  liquor-pumps,  &c. 

A  totally  different  result  is  obtained  in  such  cases  where  large 
engine-power  is  required,  e.  g.  for  blowing-engines  connected  with 
Solvay  towers.  Here  the  only  rational  proceeding  is  to  employ 
compound  engines,  with  expansion  and  condensation,  thus  utilizing 
the  energy  of  the  steam  as  much  as  possible  for  the  engine  itself ; 
for  the  stills  fresh  boiler-steam  is  used.  At  very  large  works, 
where  there  are  whole  nests  of  steam-boilers,  preferably  fired  by 
means  of  mechanical  stokers,  the  steam-pressure  can  be  kept  very 
uniform,  and  this  is  a  great  advantage  when  heating  the  ammonia- 
stills  with  boiler-steam,  as  this  uniform  tension  causes  the  evolu- 
tion of  ammonia,  and  consequently  the  whole  manufacturing 
process,  to  be  equally  uniform  and  steiady. 

Cooling  the  Vapours  from  the  Animonia'Stills, — ^These  vapours 
contain,  besides  NHs  and  CO2,  a  good  deal  of  steam,  and  are 
neither  cold  nor  dry  enough  for  direct  use  in  the  apparatus  where 
the  brine  is  saturated  with  ammonia.  They  are  therefore  always 
cooled  down  before  entering' into  that  process.  We  have  alluded 
on  pp.  108  and  116  to  apparatus  serving  for  this  purpose.  The 
liquid  condensing  in  the  cooling-apparatus  can  be  used  in  various 
ways,  as  mentioned  on  p.  98. 
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The  loss  of  ammonia  is,  of  course,  one  of  the  most  important 
factors  in  this  manufacture.  In  the  first  period  after  the  discovery 
of  the  ammonia-soda  process  it  sometimes  amounted  to  20  parts  of 
ammonium  sulphate  for  100  of  soda-ash;  we  cannot  be  surprised 
that  under  these  circumstances  no  competition  with  the  Leblanc 
process  was  possible.  The  first  apparatus  realizing  a  sufficient 
economy  of  ammonia  was  Solvay's ;  then  followed  Honigmann^s, 
and  later  on  several  others.  Even  in  1878 1  was  told  at  North wich 
that  the  loss  of  ammonium  sulphate  amounted  to  8  per  cent,  of  the 
soda^ash,  but  that  at  Varang^ville,  with  the  same  kind  of  plant, 
it  was  only  4  per  cent.  Down  to  1890  that  amount,  or  at  most 
S  percent.,  seems  to  have  been  considered  a  minimum,  below  which 
it  was  not  possible  to  go  in  the  long  run.  But  the  sharp  decline 
iof  prices  has  necessitated  the  employment  of  increasingly  efficient 
washing  arrangements,  of  stronger  carbonic  acid,  and  of  other 
omprovements,  so  that  manufacturers  assert  that  nowadays  the  loss 
of  ammonium  sulphate  must  not  exceed  1  per  cent,  to  any  con- 
siderable extent,  to  enable  them  to  compete  with  others. 

One  of  the  means  of  diminishing  the  loss  of  ammonia  is  to  work 
the  ammonia-stills  under  diminished  pressure  (pp.  31  and  112),  by 
employing  behind  the  apparatus  for  manufacturing  the  ammoniacal 
^rine  an  air-pump,  which  draws  the  gases  through  this  apparatus 
and  the  washers  connected  therewith,  and  therefore  produces  an 
aspirating  action  further  back  in  the  ammonia-stills.  This  effects 
41  considerable  saving  of  ammonia. 

Treatment  of  the  Waste  Liquor. 

The  residual  liquor  from  the  ammonia-stills  is  essentially  a 
^ntion  of  calcium  and  sodium  chloride,  holding  in  suspension  a 
eonsiderable  quantity  of  solid  substances,  especially  lime. 

This  liquor  must  at  all  events  be  clarified  before  being  allowed 
to  run  into  a  public  water-course.  Solvay  describes  a  continuously 
acting  decanter  attached  to  the  ammonia-stills,  which  has  been 
shown  in  fig.'  69,  p.  109.  But  of  course  any  other  apparatus  for 
filtering  or  filter-pressing  may  be  employed  for  this  purpose ;  or 
•else  some  kind  of  settling-tanks  or  the  like  must  be  provided, 
unless  the  works  happen  to  be  situated  on  a  large  lake  whose  water 
IS  not  sensibly  polluted  by  the  inflowing  mud.  The  public  autho- 
jrities  everywhere  require  this  mud  to  be  kept  out  of  the  public 
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watercourses.  Usually  large  pits  are  provided  near  the  works^  in 
which  the  lime-mud  is  deposited ;  the  clear  liquor  is  allowed  to* 
soak  into  the  ground  if  this  is  sufficiently  porous,  but  if  not  it 
is  drawn  off  at  the  top  and  run  into  some  stream  or  canal. 
Undeniably  these  mud-pits  and  the  liquor  draining  from  them 
constitute  a  rather  troublesome  feature  in  the  ammonia-soda 
manufacture^  but  this  cannot  for  a  moment  be  compared  with  th& 
nuisance  caused  by  the  tank-waste  heaps  from  Leblanc  works- 
(Vol.  II.  p.  820). 

The  mud  settling  from  the  waste  liquor ^  if  it  contains  enough 
caustic  lime,  is  sometimes  used  for  a  second  operation  in  the 
columns.  It  has  also  been  attempted  to  employ  it  for  the  manu* 
facture  of  Portland  cement,  for  which  it  ought  to  be  very  well 
adapted  (Vol.  II.  p.  879).  A  new  patent  by  Bigby,  Ditton,  Neill^ 
and  Carr  (No.  19705,  1893)  refers  to  this  matter. 

The  clear  liquor  ultimately  left  usually  contains  about  150 
grams  of  salts  per  litre,  viz.  about  equal  parts  of  calcium  chloride 
and  sodium  chloride,  with  slight  traces  of  ammonia.  It  has  been 
frequently  proposed  to  recover  from  it  the  sodium  chloride  by 
evaporation  and  fishing,  but  this  hardly  pays  for  itself;  at  least 
in  nearly  every  case  I  know  of  the  whole  of  this  liquor  runs  to 
waste,  and  thus  carries  away  all  the  chlorine  equivalent  to  the 
soda  manufactured  in  the  shape  of  calcium  chloride,  apart  from 
the  excess  of  sodium  chloride. 

The  chemical  examination  of  the  final  liquor  must  extend  to  the 
excess  of  lime  and  free  ammonia.  Both  are  best  found  by  boiling 
100  c.  c.  till  the  whole  of  the  NH3  has  been  given  off;  this  is  con- 
densed in  normal  hydrochloric  acid  and  titrated.  By  dUuting 
the  boiled  residue  to  100  c.  c,  cooling  down,  filtering,  and  apply- 
ing the  Nessler  test  to  the  filtrate,  it  is  seen  whether  the  expulsion 
of  the  NHs  has  been  perfect.  The  lime  is  estimated  by  adding  to 
50  c.  c.  of  the  muddy  liquor,  which  is  thoroughly  shaken  up 
before  taking  out  the  sample,  an  excess  of  ammonium  sulphate, 
boiling  again  and  receiving  the  NH^  escaping,  which  corresponds 
to  the  excess  of  lime,  in  standard  acid.  This  indicates  both 
caustic  lime  and  calcium  carbonate ;  if  these  two  are  to  be  sepa* 
rated,  the  caustic  lime  is  separately  estimated  by  oxalic  acid  and 
phenolphthaleine,  as  explained  on  p.  45. 

Jurisch  (' Verunreinigung  der  Gewas8er,'p.  23)  makes  the  follow- 
ing statements  regarding  the  waste  liquor  of  ammonia-soda  works.. 
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On  distilling  with  a  steam-coil  (system  Mallet-Boulouvard)  the 
mannfacture  of  a  metrical  ton  of  soda-ash  produces  7367  litres  of 
waste  liquor,  composed  as  follows  :  spec,  gravity  1'142;  per  litre 
70  grm.  NaCl,  160  grm.  CaCl,,  27  grm.  CaO  (as  hydrate  and 
carbonate),  0*05  grm.  NHg.  On  distilling  with  open  "Steam  (as  in 
all  other  systems)  the  quantity  of  waste  liquor  per  ton  of  soda-ash 
is  11  cubic  metres  of  spec,  gravity  1-037  to  1*125,  averaging  1*091. 
During  the  years  1882  and  1883,  at  La  Madeleine,  near  Lille, 
Jurisch  found  the  composition  of  the  waste  liquor  to  be : — 


Minimum. 

Maximum, 

Aremge. 

Snecific  firravitv    

1067 

1100 

1-087 

NaCl  grams  per  litre  . . . 

55 

135 

80 

CaCl,      „ 

W           if 

15 

50 

25 

H,CaO,  „ 

99           93 

17 

32 

25 

CaCO,     „ 

99           99 

2 

40 

5 

NH,       „ 

99           99         •  • • 

0 

0 

0 

Schreib  (Chem.  Zeit.  1892,  p.  693)  points  out  that,  according 
to  Jnrisch's  analyses,  the  yearly  average  at  the  Madeleine  showed 
the  enormous  consumption  of  400  salt  to  100  soda-ash,  and  a  loss 
of  75  quicklime,  apart  from  25  CaCOs ;  also  that  instead  of  1*5 
cub.  metr.  more  than  4  cub.  metr.  of  liquor  had  been  produced, 
and  a  correspondingly  large  amount  of  fuel  must  have  been  con- 
sumed in  the  ammonia-stills.  [The  conclusion  to  be  drawn  from 
this  is  that  either  Jurisch's  figures  refer  to  a  very  small  and 
faulty  experimental  plant,  or  else  that  his  samples  were  accidentally 
very  inferior,  and  indicate  anything  but  the  average  composition  of 
the  liquor.  At  all  events  these  analyses  of  Jurisch's  are  not  of  the 
slightest  value  for  judging  the  practical  conditions  of  the  case,  no 
more  than  others  showing  an  excessively  small  consumption  of 
salt.] 

At  some  works  visited  by  me,  I  was  told  that  the  final  liquor  was 
brought  down  to  0*01  grm.  NHs  per  cubic  metre ;  but  they  did 
not  go  so  far  as  to  put  the  loss  of  ammonia  =ni/,  as  Jurisch  does 
for  the  La  Madeleine  works,  and  that  all  the  year  round  I  No 
factory  whatever  has  ever  attained  to  such  perfection. 

Schreib  (Chem.  Zeit.  1894,  p.  1793)  mentions  a  simply  mon- 
strous ''Expert's  Report,''  advising  refusal  of  leave  to  erect 
ammonia-soda  works.  According  to  that  Report,  trees  had 
been  kflled  by  the  calcium-chloride  liquor  at  a  distance  of  two 
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kilometres  (about  1^  mile)  from  the  mud-settlers;  rye,  fruit- 
trees,  &c.  had  also  been  killed  by  the  alkali-dust  from  the  works 
at  the  same  distance.  If  such  were  the  case,  the  great  majority 
of  chemical  works  would  be  surrounded  by  a  desert  I 

Proposals  for  Utilizing  the  Calcium  Chloride  contained  in  the 

fVaste  Liqtior. 

We  shall  not  in  this  place  treat  of  those  proposals  which  aim 
at  obtaining  chlorine  (or  HCl)  from  the  CaCls ;  this  will  be  done 
in  a  special  chapter  of  Book  III.  We  will  here  only  refer  to 
proposals  in  another  direction. 

Tbovald  Schmidt  (Chem.  News,  xxxiv.  p.  201,  xxxvii.  p.  56) 
adds  to  the  concentrated  solution  of  NaCl  and  CaClj,  obtained  in 
recovering  the  NHg,  a  concentrated  solution  of  kelp.  The  potas- 
sium, sodium,  and  magnesium  sulphates  in  the  latter  are  thereby 
decomposed,  and  CaSO^  and  Mg(dH)2  precipitated  in  a  form 
suitable  for  use  as  ''  pearl  hardening ''  in  paper-making  (comp. 
Vol.  II.  p.  721).  The  last  traces  of  the  sulphates  are  removed  by 
barium  chloride.  To  the  clear  solution  lead  nitrate  is  added  till 
all  the  iodine  has  been  precipitated  as  Pblj,  which  is  filtered  oflF 
and  worked  up  for  iodine.  The  filtrate  is  heated,  lime  and  mag- 
nesia precipitated  by  soda,  the  KCl  converted  into  KNOj  by 
NaNOg,  and  the  saltpetre  removed  by  crystallization.  There 
remains  a  solution  of  NaCl  with  traces  of  KCl  and  of  NH,  (from 
the  last  operation)  :  this  is  again  submitted  to  the  ordinary 
ammoniacal  soda-process.  This  process  can  only  pay  in  very 
exceptional  circumstances,  where  salt  is  very  dear;  but  then  the 
ammonia  process  would  be  out  of  place.  Later  on  (Chem.  News, 
xxxviii.  p.  203)  Schmidt  gave  a  rather  detailed  description  (but 
without  diagrams)  of  the  apparatus  used  in  the  ammoniacal 
soda-manufacture  at  Aalborg  (now  stopped).  According  to  his 
statements,  there  are  needed  daily  for  10  tons  of  soda :— €alt,  16 
to  17  tons;  coal,  17 to  18 tons;  coke,  3 tons;  limestone,  12  tons; 
sulphuric  acid  of  10©*  Tw.,  2  cwt. ;  ammonia  salt,  from  4  to  6  cwt. ; 
and  45  men. 

A  recent  detailed  description  in  the  Chem.  Zeit.  1891,  p.  821, 
which  is  written  to  draw  attention  to  this  process,  proves  that  it 
had  undergone  no  change,  and  probably  had  not  been  in  actual  use, 
for  some  years.  The  process  is  adapted  only  to  local  circumstances. 
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irhere  there  is  a  large  accumulation  of  kelp^  and  in  this  case  it 
may  be  adyantageously  used. 

Richardson  (Engl.  pat.  10418^  1884)  proposes  to  make  pearl- 
hardening  from  the  CaCls  liquor  by  adding  to  it  ammonium 
aolphate ;  the  ammonium  chloride  formed  is  to  be  recovered  by 
evaporation  and  crystallization.  [But,  apart  from  the  many 
faults  of  this  process^  would  there  be  a  ready  sale  for  the  pearl- 
hardening?] 

Webster  (Engl.  pat.  123^^  1885)  forms  a  paste  of  calcium- 
chloride  liquor  and  slaked  lime  or  calcium  carbonate;  this  is 
evaporated^  dried,  fused,  cast  in  moulds,  and  used  as  a  flux  in 
metallurgical  operations. 

Schreib  (Chem.  News,  1890,  Ixiv.  p.  4)  describes  a  local  utili- 
sation of  calcium  chloride  liquor  at  a  small  factory  producing 
1000  tons  of  ammonia-soda  per  annum.  This  liquor  is  decomposed 
by  sulphuric  acid  or  sulphates,  to  obtain  pearl-hardening  for 
use  at  paper-works  or  for  painting  cardboard  (comp.  supra). 
Actually  suljihuric  acid  or  nitre-cake  was  employed,  and  the  dilute 
hydrochloric  acid  formed  in  this  process  was  also  utilized.  Thus 
30  tons  of  pearl-hardening  per  week  was  manufactured.  Schreib 
proposes  to  do  the  same  thing  in  other  places  with  ordinary  salt- 
cake,  and  to  re-introduce  the  resulting  solution  of  sodium  chloride 
into  the  ammonia-soda  manufacture.  [It  is  extremely  doubtful 
whether  a  suflEiciently  large  sale  could  be  found  for  such  enormous 
quantities  of  pearl-hardening,  although  this  article  can  be  em- 
ployed in  many  cases,  such  as  china-clay,  and  is  much  superior  for 
paper-making  to  ground  plaster  of  Paris,  on  account  of  its  fibrous 
crystallization.] 

Other  Processes  for  treating  the  Ammonium^Chloride  Liquors 

filtered  fi'om  the  Bicarbonate. 

Schreib  (Germ.  pat.  36093;  Zsch.  f.  angew.  Ch.  1889,  pp.  445,. 
486)  subjects  the  liquor  filtered  from  the  bicarbonate  to  artificial 
cooling,  at  least  down  to  10^,  better  to  5^  C,  adds  solid  sodium 
chloride  and  passes  ammonia  and  carbonic  acid  into  it.  A  great 
portion  of  the  ammonium  chloride  crystallizes  out;  the  mother 
liquor  goes  back  inW  the  process  and  is  again  passed  through  the 
carbonating  apparatus.  The  ammonium  chloride  is  either  distilled 
with  lime  in  the  usual  way,  or  else  it  is  mixed  in  the  dry  state 
with  calcium  carbonate  or  the  mud  from  causticizing  soda,  in. 
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order  to  convert  it  by  heating  into  ammonium  carbonate.  In  the 
former  case  the  advantage  consists  in  the  high  concentration  of 
the  solution^  and  the  residue  left  on  distillation  being  an  almost 
pure  concentrated  solution  of  CaCla.  The  latter  case  is  even  more 
profitable^  since  the  products  are  ammonium  carbonate  and  a 
residue  of  fused  calcium  chloride^  which  is  far  more  suitable  for 
the  manufacture  of  chlorine  or  hydrochloric  acid  than  the  ordinary 
ivaste  CaCls  liquor  from  the  ammonia-stills.  This  process  effects 
a  saving  of  at  least  80  parts  salt  for  100  soda-ash  manufactured. 
In  spite  of  these  theoretical  advantages^  Schreib^s  process  has 
found  no  practical  application.  Probably  the  difficulty  of  cooling 
«ach  large  quantities  of  liquids  and  a  greater  loss  of  ammonia  are 
against  it.  Klingbiel  (Chem.  Zeit.  1886,  p.  1335)  criticizes  it  very 
adversely;  he  asserts  that  no  ammonium  chloride  at  all  is  separated, 
but  he  seems  to  have  neglected  the  cooling  required  by  Schreib. 

Young  (Engl.  pat.  2988,  1872)  prescribes  decomposing  the 
NH4CI  solution  by  l^  equivalents  of  calcium  or  magnesium 
■carbonate.  He  could  not,  however,  in  spite  of  prolonged  boiling, 
-drive  the  decomposition  further  than  two-thirds,  and  had  to  finish 
it  with  caustic  lime. 

Teed  (Joum.  Soc.  Chem.  Ind.  1885,  p.  709)  proposed  running 
the  NH4CI  liquor  first  down  a  tower  filled  with  lumps  of  lime- 
stone, whereby  much  of  the  ammonia  is  expelled  as  carbonate. 
His  experiments  were  made  on  a  small  scale,  with  an  apparatus 
5  feet  4  inches  high.  He  believes  that  his  arrangement  is  much 
superior  to  Young's  process. 

Schreib  (Zsch.  f.  angew.  Ch.  1889,  p.  211)  made  a  number  of 
experiments  on  the  decomposition  of  ammonium  chloride  by. 
calcium  carbonate  in  an  aqueous  solution.  The  rate  of  decom- 
position is  greatly  influenced  by  the  degree  of  fineness  of  the 
calcium  carbonate  and  by  the  concentration  of  the  solution. 
With  an  excess  of  NH4CI  the  decomposition  took  twice  as  much 
time  with  finely  ground  limestone  than  with  freshly  precipitated 
calcium  carbonate,  three  times  as  much  with  finely  ground 
marble,  and  very  much  longer  with  limestone  in  pieces.  Still 
more  difficult  is  the  task  actually  presented  in  practical  work, 
viz.,  complete  decomposition  of  the  ammonium  chloride  by  an 
excess  of  calcium  carbonate.  At  first  the  reaction  proceeds  quickly, 
then  slowly,  and  it  takes  considerable  time  for  completion.  (It 
:seems  preferable  to  arrest  the  process  at  an  advanced  stage,  and 


TREATING  AMMONIUM-CHLORIDE  LIQUORS.  127 

to  complete  the  decomposition  bj  caustic  lime.)  Limestone  is 
altogether  excluded^  for  it  would  cost  more  to  grind  it  to  the 
sufficient  degree  of  fineness  than  to  burn  it  into  quicklime.  But 
the  mud  from  causticizing  soda  (Vol.  II.  p.  753)  might  be  utilized : 
this  has  practically  no  value;  it  is  in  a  state  of  fine  division^ 
and  might  be  pumped  at  once  into  the  still  after  being  stirred  up 
•with  water  into  a  '' slurry .*'  Its  constant  percentage  of  caustic 
fioda  would  be  really  an  advantage.  This  materisd  (which^  of 
<x>ur8e^  can  only  be  obtained  at  factories  where  caustic  soda  is 
made)  is  not  easily  worked  in  continuously  running  column- 
apparatus,  but  very  well  in  plain,  intermittently  run  cylinders 
with  conical  bottoms,  with  direct  steam  blown  in  at  the  deepest 
part,  which  keeps  the  mud  in  constant  motion  and  prevents  it 
from  settling  at  the  bottom. 

The  decomposition  of  ammonium  chloride  by  calcium  carbonate 
forms  also  the  subject  of  a  German  patent  (No.  14186)  by  the 
Soc.  an.  des  prod.  chim.  du  Sud-Ouest..  The  solution  of 
NH4CI  remaining  after  driving  off  the  ammonium  carbonate  is 
evaporated  in  iron  vessels  coated  with  lead,  till  the  ammonium 
chloride  has  been  separated  in  a  solid  form.  It  is  then  heated 
with  powdered  limestone  or  dolomite  in  narrow  cast-iron  retorts. 
The  vapours  are  condensed  in  special  coolers  with  addition  of 
CO9  and  HsO  in  such  a  way  that  solid  ammonium  bicarbonate  is 
formed.  [Lead-coated  iron  vessels  will  not  stand  the  action  of  a 
solution  of  ammonium  chloride  for  any  length  of  time.] 

Wigg  and  Pratt  (Engl.  pat.  3673,  1884)  again  patent  the 
decomposition  of  solid  ammonium  chloride  with  calcium  carbonate. 
The  CaCl}  remaining  behind  is  to  be  decomposed  by  sulphuric 
add  into  HCl  and  CaS04. 

Solvay  (Germ.  pat.  16229)  treats  the  ammonium-chloride  liquor, 
instead  of  quicklime,  with  natural  basic  phosphates.  These  are 
giotmd,  fri'eed  from  the  lighter  calcium  carbonate  by  levigation, 
and  homed,  or  else  used  in  the  unbumt  state.  If  used  in  the 
burnt  state,  the  free  lime  mixed  with  the  phosphate  produces  free 
NHs;  if  used  uobumt,  ammonium  carbonate  is  liberated.  In 
both  cases  purified  calcium  phosphate  remains  behind  and  is 
washed  with  water.  As  it  is  not  possible  in  this  case  to  bring 
about  the  complete  decomposition  of  the  NH4CI  by  an  excess  of 
CaO,  which  would  leave  the  phosphate  too  impure,  a  special 
methodical  treatment  must  be  adopted.     [This  process  cannot,  of 
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course,  receiye  any  but  a  very  restricted  application  in  special 
cases.] 

Jarmaj  (Engl.  pat.  10419^  1886)  causes  the  ammonium  chloride 
to  crystallize  by  artificial  coolings  adds  NaCI,  cools  again  in  order 
to  separate  more  NH4CI,  and  repeats  this  several  times.  The 
last  mother  liquor  is  returned  into  the  ammonia-soda  process 
instead  of  brine^  and  thus  the  NaCl  otherwise  wasted  with  the 
final  liquor  is  utilized^  while  the  distillation  for  ammonia  is  saved. 
[What  is  to  be  done  with  all  the  ammonium  chloride  ?] 

Transformation  of  Ammonium  Chloride  into  Ammonium  Sulphate, 

Mond  (Engl.  pat.  3820,  1883)  proposes  to  distill  the  mother 
liquor  filtered  from  the  bicarbonate  till  all  ammonium  carbonate 
has  been  expelled,  and  to  continue  the  evaporation  in  open 
vessels,  fishing  out  the  NaCl  as  it  separates,  till  only  dry  am- 
monium chloride  remains.  This  is  heated  with  an  excess  of 
sulphuric  acid  till  all  HCl  has  been  driven  off,  and  acid  sulphate, 
NH4.H.SO4,  is  left  behind,  which  is  either  converted  into  ordinary 
sulphate  of  ammonia  by  addition  of  free  ammonia,  or  employed 
for  the  manufacture  of  superphosphates.  [It  is  hardly  necessary  to 
say  that  this  process  could  never  be  applied  to  more  than  a  very 
small  portion  of  the  ammonia-soda  manufacture.] 

Gilloteaux  (Germ.  pat.  49503)  proposesthe  following  reactions : — 

1.  Ammonium  chloride  is  heated  with  acid  sodium  sulphate,  or, 
preferably,  ammonium  sulphate,  thus  expelling  HCl  and  leaving 
neutral  sodium  and  ammonium  sulphate  behind : 

2NH4.H.S04  +  2NH,C1=2HC1+2(NH4),S0. 

2.  The  ammonium  sulphate  is  heated,  as  in  Carey  and  Hurter^s 
process  (comp.  Chapter  VIII.),  in  a  current  of  steam,  thus 
liberating  half  of  the  ammonia  and  forming  acid  ammonium 
sulphate,  which  is  again  utilized  in  the  first  reaction. 

Decomposition  of  Ammonium  Chloride  by  Phosphoric  Acid. 

O.  N.  Witt  (Germ.  pat.  37395)  decomposes  ammonium  chloride 
by  phosphoric  acid;  HCl  is  driven  off  and  ammonium  phosphate  is 
left  behind,  which  on  heating  to  a  higher  temperature  gives  off 
the  ammonia;  glacial  phosphoric  acid  remains  and  is  used  over 
again. 
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Jurisch  (Dingl.  Journ.  cclxvii.  p.  424)  has  examined  this  process 
in  the  laboratory.  He  finds  that  by  means  of  a  great  excess  of 
phosphoric  acid^  99  per  cent,  of  the  HCl  can  be  driven  off  at 
300^.  The  residue  consists  of  4  mol.  free  phosphoric  acid^  4  mol. 
ammonium  phosphate^  and  2  mol.  ammonium  pyrophosphate. 
On  heating  this  to  400^^  63'6  per  cent,  of  the  NHs  escapes  as 
auch.  By  using  the  residue  over  again^  86  per  cent,  of  the  NHj 
can  eventually  be  recovered.  But  in  doing  this  even  silver  and 
platinum  vessels  are  strongly  acted  upon;  no  other  material 
resists  the  fusing  phosphoric  acid^  and  consequently  there  is  no 
technical  possibility  of  carrying  out  Witt^s  process  [which  has 
never  been  done] . 

The  processes  in  which  the  ammonium  chloride  is  decomposed 
by  magnesia  instead  of  lime,  in  order  to  produce  hydrochloric  acid 
or  chlorine  from  the  magnesium  chloride  formed,  as  well  as  those 
in  which  dry  ammonium  chloride  is  vaporized  and  the  mixture 
of  ammonia  vapour  and  chlorine  separated  into  these  two  sub- 
stances, will  be  treated  in  the  section  ^'  Chlorine.^^ 

We  shall  then  see  that  all  processes  aiming  at  separating  the 
ammonium  chloride  from  the  mother  liquors  in  a  solid  form  are 
attended  with  considerable  difSiculties. 

Combination  of  the  various  Apparatus  for  the  Ammonia-Soda 

Manufacture. 

We  have  already  in  several  places  briefly  mentioned  com- 
binations of  all  the  apparatus  for  this  manufacture  as  proposed 
by  various  inventors,  e.g.  by  Fassbender  (p.  112).  We  shall  here 
describe  such  a  combination  as  it  is  employed  at  the  large  Solvay 
works,  and  as  it  may  also  be  used  for  other  methods,  with  the 
necessary  modifications. 

We  begin  with  the  lime^kiln  (p.  36),  to  which  belongs  a 
mechanical  hoist  for  limestone  and  coke,  and  a  tramway  for  taking 
away  the  lime.  The  latter  is  carried  in  iron  waggons,  and  is  tipped 
into  a  vessel  for  slaking  the  lime,  from  which  the  milk  of  lime 
flows  into  a  reservoir,  placed  again  at  a  lower  level,  in  order  to  be 
pumped  into  the  ammonia-stills  as  required. 

From  the  top  of  the  Ume-kiln  the  gas  passes  through  one  or  two 
washers  (p«  45),  where  it  is  purified  from  dust  and  sulphurous 
acid,  and  is  cooled,  and  then  into  the  blowing-engine  (p.  48) .     If 
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the  pumping-engine  is  a  condensing-engine,  there  is  no  exhaust- 
steam  to  dispose  of.  In  the  contrary  case  the  exhaust-steam  from 
the  blowing-engine,  the  vacnum-pump,  &c.  serves  for  heating  the 
ammonia-stills.  The  gas  discharged  from  the  blowing-engine, 
which  has  become  reheated  under  compression^  passes  again 
through  a  cooler  (usually  worked  by  injection  of  water)  and  then 
into  the  carbonator,  with  branches  for  raising  liquids^  &c.  The 
purer  carbonic-acid  gas  from  the  bicarbonate  calciners  is,  for 
simplicity,  frequently  mixed  at  once  with  the  lime-kiln  gas. 

On  the  other  hand,  the  brine  (purified  from  earthy  salts)  is  first 
employed  in  the  various  washers  (pp.  25  and  33)  for  treating  all  the 
gases  containing  any  ammonia  before  they  are  allowed  to  escape 
into  the  open  air,  e.  ff.  from  the  ammonia-absorbers,  the  carbon- 
ators,  the  filters,  sometimes  also  from  the  bicarbonate  driers. 
Then,  without  removing  any  precipitate  formed  on  the  way,  the 
brine  enters  the  ammonia-absorbers,  cooled  without  (p.  25),  and 
is  there  saturated  with  cooled  ammonia-gas.  The  gas  is  then 
drawn  from  the  absorbers  by  a  vacuum-pump  (pp.  31  and  121), 
but  it  first  passes  through  one  of  the  brine-washers  already  men- 
tioned and  then  usually  through  a  water-  or  acid-scrubber.  The 
vacuum  may  here  be  worked  up  to  300  mill,  of  mercury,  in  order 
to  overcome  the  pressure  within  the  absorber  and  the  washers, 
and  to  extend  its  action  backwards  to  the  ammonia-stills.  Any 
weak  washings,  other  than  brine,  which  are  formed  here  and 
elsewhere,  are  best  treated  in  a  separate  ammonia-still. 

The  ammoniacal  brine  is  now  first  passed  through  two  or 
three  clarifying-apparatus  (p.  28)  of  sufficient  size,  and  is  then 
thoroughly  cooled  in  an  extensive  set  of  pipes  flushed  outside 
with  water  (p.  34) .  It  then  enters  into  the  first  carbonator  (p.  59) , 
where  lime-kiln  gas  is  passed  through  by  means  of  the  blowing- 
engine  up  to  the  formation  of  normal  ammonium  carbonate,  but 
no  bicarbonate  is  precipitated.  This  first  carbonator,  which  is 
of  moderate  size,  is  well  cooled,  and  the  liquor  running  from  it 
is  once  more  cooled  down.  It  is  now  pumped  into  the  second, 
large  carbonating-tower  (p.  53),  at  |  or  f  of  its  height,  and  is 
there  saturated  with  CO^  by  means  of  the  blowing-engine.  The 
gas  issuing  from  both  carbonators,  before  escaping  into  the  air, 
is  washed  with  fresh  brine  and  scrubbed  with  a  little  sulphuric 
acid. 

The  magma  of  precipitated  bicarbonate  and  ammonium-chloride 
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solution  is  now  passed  on  to  the  vacuum-filters  (p.  75),  which  are 
best  placed  immediately  above  the  drying-apparatus,  so  that  the 
drained  and  washed  bicarbonate  can  be  tipped  directly  into  the 
driers.  The  filters  may  be  served  by  the  same  vacuum-pump 
as  the  ammonia-absorbers.  The  drying-apparatus  (Thelen  pans, 
p.  88)  receive  the  damp  bicarbonate  as  above  and  yield  it  up  in  the 
dry  state,  reduced  to  normal  carbonate  (soda-ash).  This  is  either 
packed  at  once,  or,  if  it  has  to  be  made  into  dense  ash,  it  is  hoisted 
into  Mactear  furnaces,  &c.  (p.  97),  and  is  then  calcined.  The 
vapours  from  the  drying-pans,  containing  much  COj  and  some 
NHj,  are  first  deprived  of  most  of  the  water  and  ammonia  by 
cooling;  the  weak  ammoniacal  liquor  formed  here  is,  together 
with  similar  liquors,  distilled  separately,  as  mentioned  above.  The 
cooled  gas  is  scrubbed  with  water  or  sulphuric  acid,  and  is 
utilized  in  the  carbonators,  mostly  after  mixing  it  with  lime-kiln 
gas  (comp.  supra). 

The  mother  liquor  coming  from  the  vacuum-filters,  together 
with-  the  washiugs  therefrom,  is  collected  in  a  reservoir,  from 
which  it  is  pumped  into  the  ammonia-stills  (p.  110).  In  the  upper 
pait  of  these  the  ammonium  carbonate  is  expelled  by  steam  alone,  in 
the  lower  part  the  fixed  ammonia  is  liberated  by  steam  and  lime. 
The  steam  is  either  exhaust-steam  from  high-pressure  engines,  or 
direct  boiler-steam,  or  both.  The  waste  liquor,  containing  NaCl 
and  CaClj,  goes  into  the  mud-settlers  and  is  then  run  away 
{p.  121).  The  mixture  of  vapours  issuing  at  the  top  of  the  still  is 
cooled  by  means  of  coils  surrounded  by  water;  the  liquor  con- 
densing here  goes  back  into  the  still.  The  gas  issuing  from  the 
coolers,  consisting  of  ammonia  and  some  carbonic  acid,  passes  into 
the  ammonia-absorbers,  which  concludes  the  cycle  of  operations. 
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CHAPTER  VII. 


ANALYSES.    COSTS.    STATISTICS. 
Composition  of  Ammonia'Soda. 

Owing  to  the  way  in  which  it  is  manufactured^  ammonia-sorla 
is  necessarily  much  purer  than  ordinary  Leblanc  soda  not  freed 
from  mother-liquor  salts.  It  cannot  contain  any  caustic  soda  or 
sulphide,  sulphite  or  thiosulphate ;  on  the  contrary,  it  mostly  con- 
tains a  slight  excess  of  CO^.  Iron,  alumina,  and  silica  can  be 
found  only  in  extremely  small  traces,  brought  in  by  the  tools  and 
in  calcining.  There  is  always  very  little  sodium  sulphate  {too  little 
for  crystal  soda,  comp.  p.  99).  The  only  impurity  worth  men- 
tioning is  sodium  chloride.  For  many  years  the  factories  have 
guaranteed  a  ''  Liverpool  test "  of  58°,  on  the  Continent  98  to  99 
per  cent,  of  real  sodium  carbonate  (comp.  Vol.  II.  p.  105,  on  the 
commercial  degrees  of  soda-ash  used  in  different  countries). 

The  following  analyses  were  made  some  years  ago,  and  most  of 
the  samples  had  been  weakened  by  attraction  of  moisture  (or 
imperfect  drying) : — 


Solray  Soda, 

*- 

English  Soda. 

Boulourard's 
Soda. 

List. 

Lunge.      Hanrez. 

Pattinson, 

Benrath. 

NavUle. 

Sodium  carbonate ... 

96-23 

95-65 

99-433 

98-72 

93-84 

94-80 

„       chloride 

064 

3-22 

0-21 

0-54 

1-17 

1-27 

„       sulphate    ... 

002 

0-31 

0-20 

0-47 

Magnesium  carbonate 

trace 

004 

0-17 

009 

Calcium  carbonate... 

trace 

013 

016 

trace 

Ferric  oxide    

r 

r 

007 

trace 

001 
0-01 

0016 
0101 

trace 

Alumina 

0-09 

Silica  

I   O-Oi 

009 

Other  insoluble  matters 

023 

Moisture 

..311 

0-55 

0-31 

0-32 

3-74 

3-75 

The  analysis  of  commercial  ammonia-ash  is  carried  out  by  the 
methods  described  in  Vol.  II.  p.  99,  with  such  deviations  as  are 


COMPOSITION  OF  AMMONIA-SODA.  133 

caused  by  its  special  nature.  It  is^  for  instance^  unnecessary  to  test 
for  caustic,  sulphide^  or  sulphite ;  mostly  a  simple  alkalimetrieal 
titration  is  all  that  is  required.  Sometimes  it  may  be  necessary  to 
estimate  the  carbonic  acid  in  excess^  by  the  methods  given  Vol.  II. 
p.  117;  and  the  ammonia,  the  latter  by  prolonged  igniting  in  a 
current  of  air  and  absorbing  the  gas  in  standard  acid. 

"  Caustic  ash/'  as  frequently  sold,  especially  in  France,  must  be 
made  by  special  processes  from  ammonia-soda;  such  have  been 
described  in  Vol.  II.  p.  666.  The  French  soap-makers  always 
insist  on  such  caustic  ash ;  it  may  be  that  the  small  quantity  of 
caustic  occurring  even  in  properly  calcined  Leblanc  soda-ash  is  of 
much  service  in  fusing-operations,  as  it  increases  the  fusibility  of 
the  mass  (comp.  infra). 

Ammonia-soda,  from  the  nature  of  the  process  employed,  is  always 
less  dense  than  Leblanc  soda.  Ordinary  Leblanc  soda-ash  has  an 
average  density  of  1*2  (Vol.  IL  p.  110) ;  ammonia-soda,  unless 
condensed  in  a  special  way,  only  from  0*7  to  0*8.  This  great 
porosity  of  ammonia-soda  is  no  drawback  in  many  operations,  but 
a  decided  advantage,  especially  where  it  must  be  dissolved  for  use, 
as  will  be  easily  understood. 

But  on  the  whole  the  lack  of  density  is  disadvantageous. 
Owing  to  its  greater  bulk,  about  half  as  many  more  casks  are 
required  for  ammonia-soda  as  for  Leblanc  soda.  This  not  only 
increases  the  cost  for  packages,  but  in  the  case  of  over-sea  carriage 
also  the  cost  of  freight^  which  in  this  case  is  not  charged  according 
to  weight  but  to  the  space  occupied.  This  raises  the  cost  of 
ammonia-soda  for  transit  to  America  to  such  an  extent  that  it  has 
led  to  measures  being  taken  (see  p.  97)  for  artificially  condensing 
ammonia-soda,  which,  however,  never  produce  quite  the  same 
density  as  that  of  Leblanc  ash.  In  the  European  trade  this  is  of 
less  importance,  since  ammdnia-ash  is  most  frequently  packed  in 
bags  (p.  98). 

The  objection  that  ammonia-ash  is  too  porous  for  fusion  pro- 
cesses  in  comparison  with  Leblanc  soda  seems  to  have  more  force. 
Glass  pots,  ultramarine  miiffles,  &c.  cannot  in  consequence  of  this 
receive  the  same  amount  of  charge,  hence  not  so  much  ammonia- 
soda  can  be  made  in  a  given  space,  and  much  more  fuel  is  con- 
sumed, as  the  conductivity  for  heat  is  less  with  the  more  porous 
material.  So  far  as  glass  is  concerned,  this  drawback,  if  really  a 
serious  one  with  the  old  melting-pots^  does  not  exist  in  Siemens' 
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basin-furnaces ;  but  no  doubt  some  of  the  lighter  ammonia-ash  is 
here  lost  through  being  carried  away  by  the  fire-gases. 

In  the  case  of  ultramarine^  the  greater  porosity  is  certainly  a 
disadvantage.  The  mixture  for  this  purpose  must  be  always 
artificially  condensed^  and  this  cannot  be  sufficiently  done  with 
ammonia-soda.  Ultramarine  makers  will  not  pay  so  much 
for  it  as  for  Leblanc  soda  (Curtius,  Chem.  Ind.  1879,  p.  116). 
Fiirstenaud  (Chem.  Zeit.  1879,  p.  441)  has  given  reasons  for  this. 
Ammonia-soda,  unless  artificially  condensed,  shrinks  sometimes 
50  per  cent,  on  mere  heating  by  a  spirit-lamp;  condensed 
ammonia-ash  or  Leblanc  ash  does  not  do  so.  Sometimes  the 
shrinking  can  be  prevented  by  mixing  Leblanc  ash  with  ammonia- 
ash,  but  this  does  not  always  succeed.  The  shrinking  in  the 
ultramarine  muffles  causes  the  formation  of  channels  along  the 
sides  up  to  an  inch  in  width,  where  the  air  enters  and  spoils  the 
ultramarine  in  those  places,  while  the  interior  of  the  mass,  owing 
to  the  bad  conduction  of  heat,  remains  in  an  unfinished  state. 

An  objection  to  ammonia-ash  is  that  its  greater  percentage  of 
sodium  chloride  unfits  it  for  some  uses,  e.  g.  for  making  ultra- 
marine.    This  may  have  been  true  during  the  first  period  of  the 
ammonia-soda  manufacture,  but  certainly  not  since  (now  for  many 
years)  ammonia-ash  has  been  sold  with  a  minimum  guarantee  of 
98  per  cent.  NajCOg,  whereas  Leblanc  soda  formerly  contained 
more  than  2  per  cent.  NaCl !     Ilgen  (Dingl.  Journ.  ccxxxii.  p.  177) 
asserts  that  by  adding  a  little  sodium  sulphate  and  by  certain 
manipulations  in  the  mixing  of  the  materials  (probably  by  better 
compressing  them),  all  the  drawbacks  of  ammonia- soda  for  ultra- 
marine-making can  be  removed.    As  a  matter  of  fact  that  industry 
now  employs  a  good  deal  of  ammonia-soda,  probably  of  the  densest 
kind,  and  Leblanc  soda  is  only  preferred  for  the  best  qualities  of 
ultramarine. 

Coat  of  Plant. 

For  the  apparatus  formerly  used  Solvay  stated  the  cost  of  plant 
and  buildings  ^£1600  per  ton  of  soda-ash  to  be  manufactured 
per  day.  This  sum  is,  however,  decidedly  too  low ;  at  most  places 
about  £2400  per  ton  per  day  must  be  reckoned,  including  the 
cost  of  land. 

With  the  old  Solvay  apparatus  each  tower  made  2}  tons  soda- 
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ash  in  24  hours ;  a  "  unit "  consists  of  seven  towers  (one  of  which 
is  in  reserve)^  six  dissol vers  (saturators)^  six  ammonia-stills^  and 
two  lime-kilns^  producing  15  tons  soda-ash  per  day.  The  new 
apparatus  at  Winnington  produce  60  tons  per  day  with  one 
"  unit ''  of  plant. 

According  to  a  prospectus  for  erecting  a  works  in  conformity 
with  Boulouvard's  system  near  Trieste^  the  plant  for  making 
4000  tons  soda-ash  per  annum  was  to  cost  the  following  sums  : — 

francs. 

Apparatus  for  preparing  ammoniacal  brine . . .  28,000 

„          „  carbonating         „             i,    ...  62,000 

„           „   filtering  bicarbonate 48,000 

„          „  calcining        „           33,000 

Grinding  the  product 5,000 

Ammonia  recovery 54,000 

Gas-  and  water-pumps  86,000 

Steam-boilers 21,000 

Lime-kilns  and  belongings    11,000 

Chimney 5,000 

Lighting  by  gas 6,000 

Workshops 10,000 

For  modifications  of  the  products  (?)    50,000 

Engineer's  fee  and  travelling  expenses     12,500 

421,500 
Working  capital 188,500 

610,000 
(I  miss,  among  other  items,  warehouses,  offices,  laboratory.) 

Manufacturing  Costs. 

A  calculation  made  by  Solvay  himself  in  1874  for  the  South  of 
France  states  the  following  as  the  cost  of  lOOOkilog.  (nearly  1  ton) 
of  soda-ash  of  57  to  58  per  cent,  available  soda,  assuming  a  yearly 
make  of  3000  tons  : — 
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fniDcs.  francs. 

1942    kilog.  rock-salt @      21  =       40-78 

87*5     y,     ammonium  sulphate.     @    350  =       30*60 

2155         „     limestone    @   2*50  =         5-39 

1698        ,,     coals   @       23  =       3905 

250        „     coke    @      40  =       10-32 

Labour 15 

Repairs 11 

Amortization   and   general")  ,. 

expenses    J 

Casks.. 13-42 


180-56 
Patent-royalty 30 


210-56 
or  about  £8  Ss. 

The  principal  value  of  this  cost  account  (which  at  the  time  was 
probably  a  rose-coloured  one !)  at  present  consists  in  showing  the 
immense  progress  made  since  that  time. 

The  following  statements  refer  to  Honigmann^s  plant  and  to 
the  same  period  (about  1875). 

According  to  Honigmann^s  advertisements^  the  plant  for  turning 
out  5  tons  of  strong  soda-ash  per  diem  cost  £4500 ;  for  100  parts 
of  soda-ash  he  required^  according  to  different  advertisements 
{a,  by  c)  and  to  verbal  statements  made  to  myself  in  1878  {d)  : — 

a.  h,  c,  d. 

90  p.  c.  ash.      95  p.  c        98  p.  o.        98  p.  c 

fiock-salt 200  190  175  250 

Coal 200  175  150  250 

Coke \  45 

Limestone    150  140  130  140 

Sulphuric  acid,  106°  Tw.       10  8  6         

Sal-ammoniac 5  4  3  5 

Workmen 20  

There  was  to  be  one  man  per  shift  at  the  apparatus^  one  man 
at  the  steam-boilers,  two  at  the  centrifugals,  three  on  the  day- 
shift  and  one  on  the  night-shift  at  the  lime-kilns,  one  in  the  day 
for  slaking  lime — altogether  11  on  the  day-shift  and  8  on  the 
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night-shift,  apart  from  the  yard  work,  which  was  done  by  a  con- 
tractor with  9  men.  The  steam-boilers  for  the  above  production 
were  equal  to  180  H,  P. ;  the  ammonia-stills  were  worked  by 
exhaust-steam. 

The  statements  of  PoUaczek,  quoted  in  the  first  edition  (vol.  iii. 
p.  37),  will  not  be  repeated  here,  as  his  process,  although  intro- 
duced at  seyeral  places,  has  been  everywhere  stopped  after  a  short 
period  of  working. 

Schreib  (Chem.  Zeit.  1890,  p.  496)  states  the  cost  of  plant  for 
making  5  tons  of  soda-ash  per  day  with  the  simple  apparatus 
sketched  by  him  =£5000,  for  10  tons  per  day =£8000.  The 
manufacturing  costs  he  calculates,  on  the  supposition  of  '^  favour- 
able conditions,*'  in  two  ways,  viz,  A  for  cheap  salt,  B  for  the 
case  when  salt  is  dear  and  must  be  utilized  as  carefully  as  possible, 
which  requires  more  coals  and  apparatus,  and  consequently  more 
outlay. 


A. 

B. 

kilog. 

at  mark. 

mark. 

kilog. 

at  mark. 

1 
mark. 

Salt 

220 

110 

180 

25 

4 

•  •  • 

- ... 

0-40 
0-90 
0-20 
100 
25 

•  t  • 

•  «• 

0-88 
099 
036 
0-26 
1-00 
MO 

0-80 

180 

130 

180 

25 

4 

•  *• 

a  •• 

lOO 
090 
0-20 
100 
25 

•  •  • 

•  •  a 

1-80 
1-17 
0-36 
0-25 
100 
1-10 

0-90 

Goals 

Limeatone 

Coke   

AmoDODiiini  sulphate    

.  Labour  and  superintenclence  . 

Ospital,  interest,  and  aniorti- 

'      zation ......x. ......... 

Onst  of  100  kiF.  OR  ner  eent.  soda-ash  .. 

5-38 
14    0 

6-58 
6    0 

Or  Der  ton.  say    ..^ 

£2 

£3 

Later  on,  Schreib  (Chem.  Zeit.  1892,  p.  693)  made  the  follow- 
ing statements  respecting  the  former  and  the  present  quantities  of 
materials  used  for  making  100  kil.  of  98  per  cent,  soda : — 


Formerly. 

Salt  250 

Limestone    220 

Coals  and  coke. . .  200 

Ammonium  sul-")  ^ 

phate J 


Now. 

170  to  240,  average  210 

170 
160 


150  „  190, 
150  „  190, 


9f 


ff 


3, 


>> 


f> 
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Some  factories^  he  says,  go  down  to  1  per  cent,  ammonium 
sulphate.  The  enormous  losses  to  be  calculated  from  Jurisch^s 
analyses  of  waste  liquor^  e.  g,  400  salt  to  100  soda^  he  ascribes  to 
bad  sampling ;  but  other  figures  of  Jurisch's^  which  are  extra- 
ordinarily low,  e.  g.  160  salt  from  a  French  works,  are  equally 
fallacious. 

In  his  last  paper  (Chem.  Zeit.  1894,  p.  1951)  Schreib  quotes  the 
following  figures,  viz,  first,  those  which  are  the  lowest  possible 
according  to  calculation,  secondly  those  which  are  the  best 
realized  at  some  places  under  the  most  favourable  conditions,  but 
nowhere,  as  he  believes,  in  their  totality  at  any  single  works : — 

Used  under  moet 
fa?ourable  circumstanoes. 

8 

170 

85 

190 


Materials  for  100  kg.  soda. 

Coke  

Limestone 

Lime  

Salt 

Coals  

Ammonium  sulphate.. 

Limestone  gas    

Ammoniacal  brine 

Final  liquor  (stills)    . . 
Horse-power 


Calculated. 

6-5  kiL 
120  „ 
60   „ 
170   „ 
50  „ 
0-75   „ 

90  cub.  metre 
0-62 
120 
0-7 


i^ 


9} 


9f 


90 
0-75 

140 
0-82 
1-70 

11 


Upon  this  he  founds  the  following  calculation  of  manufacturing 


costs : — 


1 

Price  in  ! 

marks 

per  100 

kil. 

Calculated. 

1 
Most  farourable 
realized. 

'    Wog. 

mark.    ' 

1 

kilog. 

1 

mark. 

Salt    

0-40 
0-20 

1-80 

1-30 

28 

1 

170 

120 

8 

50 

0-75 

0-68 
0-24 
015 
0-65 
0-21 
0-70 
0-40 
030 
090 
050 
015 

190 

170 

14 

90 

0-75 

1    ...... 

1 

0-76 
0-34 
0-25 
117 
021 

Limestone 

Coke 

Coal  

Ammonium  sulphate  

Labour  and  superintendence  ... 
Repairs 

0-80 
0-40 

Sundries    

1 
0-30 

Amortization    

0-90 

Mftnaeemflnt 

0-50 
015 

PackinflT 

— ■  ••^^•"•g.  •.••«.«•.•••••.•.•..•.•••  ... 

t 

100  kil.  soda  cost 

4-88 
?2    9    0 

6-78 

Or  per  ton   

J 

J 

t2  18    0 

per  ton. 

francs. 

lOfrs. 

1-75 

17   „ 

204 

30   „ 

1-20 

30   „ 

0-30 

3   „ 

0-24 

15    „ 

0-37 

500    „ 

2-50 
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The  cost  of  100  kil.  soda,  to  be  made  by  Bouloavard^s  process 
near  Trieste,  in  1882,  is  calculated  as  follows  in  the  prospectus 
quoted  on  p.  135  : — 

175  kil.  salt at 

120  „  local  coal    „ 

40  „  English  coal „ 

10  „  coke    „ 

80  „  limestone   „ 

25  „  lime „ 

5  fy  ammonium  sulphate...  y^ 

8-40 

Wages  for  manufacturing  and  repairs 2*25 

Packages 1*35 

Materials  for  repairs 0*25 

General  expenses    0*50 

12-75 

This  refers  to  an  annual  production  of  4000  tons  ;  for  2500  tons 
per  annum  the  cost  would  be  14  frs.  per  ton.  [For  that  period, 
1882,  the  quantities  of  materials  are  assumed  much  too  low, 
except  ammonium  sulphate.] 

The  subjoined  costs  (p.  140)  are  taken  from  the  books  of  a 
Continental  works,  where  a  process  similar  to  Honigmann's  is 
employed ;  they  refer  to  100  kil.  98  per  cent.  soda. 

This  synopsis  is  very  remarkable,  as  showing,  from  a  practical 
instance,  the  enormous  progress  made  between  1880  and  1891. 
But  even  with  their  last  prices  the  factory  alluded  to  would  be 
unable  to  compete  nowadays.  The  following  amounts  might  be 
assumed  for  a  factory  in  good  condition  at  the  close  of  1894, 
supposing  the  salt  to  have  been  bought  and  therefore  more  care- 
fully handled  than  in  the  case  of  brine. 

1000  kil.  98  per  cent,  soda  require  : — 

2000  kil.  99  per  cent,  rock-salt, 

850   ,,    coals  (good  quality), 
1100   yy   98  per  cent,  limestone, 

150   „    coke, 
12'5    yy    sulphate  of  ammonia. 
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Wages  

Bepairs 

Lighting,  Sundries 

General  expenses  (very  variable^  say) 


9. 

d. 

10 

0 

7 

0 

3 

0 

5 

0 

The  cost  of  caustic  soda  made  from  ammonia-ash  has  been  stated 
Vol.  II.  p.  808. 

The  Chemical  Trade  Journal,  Nov.  1894  (xv.  p.  270),  gives  a 
comparison  of  the  cost  of  ammonia-soda  and  Leblanc  soda  in  the 
Lancashire  district,  which  is  not  of  much  value,  as  the  quantities 
are  not  stated,  but  only  the  prices. 

Cost  per  ton 

58*^  ammonia-asb.    55°  Leblanc  a«b. 

Brin..incl.  of  pumping    '^  9  .';...'■ 

Limestone 4  6  6     6 

Coal    9  0  13    9 

Coke  1  3  

Ammonia    6  0  

Wages    14  3  14    0 

Management,  OfSce-expenses, 

Laboratory    

Bepairs  (wages  and  materials)  5  6                4    6 

General  expenses  14  0                4    6 

Saltcake 16    8 


} 


3     6  2     0 


£2    18    9        £3    1  11 

The  saltcake  is  here  charged  at  the  extremely  low  price  of 
11*.  per  ton,  probably  after  deducting  the  value  of  the  hydro- 
cI)]oric  acid. 

Fassbender  (Zsch.  f.  angew.  Chem.  1893,  p.  263)  calculates 
the  following  figures  for  the  horse-power  and  quantity  of  steam 
for  manufacturing  10  tons  per  day : — 
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. 

Indicated 
H.P. 

Distillation  onrried  on 

with  yacuiun. 

without  Tacaura 

Steam 
used. 

Steam 
utilized 
in  stills. 

1 

Steam 
used. 

1 

Steam 
utilized 
in  stills 

Lime-kiln  eas  blowin£-encin©  

566 
18 

40 

6-4 

J 

kiL 

1244 

500 

814 

192 
170 
250 

kil. 
853 
322 

610 

138 

kil. 
1  1538 

!  1013 

1    236 

170 

1    250 

kil. 
10156 

Vacuum-DumD  for  stills 

„             „   filters   and    calci- 
ning, brine-pump,  sundry  engines, 
and  friction  of  snaftine 

783 

Water-numn  

171 

Limestone   uoist,  milk-of-lirae  hoist, 
in  lector  for  acitatinsr. . . , 

1  Condensation  in  Dines.  &c 

1210 

3170 

1923 

1 

3207 

! 

2000 

(For  the  principal  items  in  this  synopsis  special  calculations 
have  been  given  supra  in  the  text.) 

Schreib  (Chem.  Zeit.  1894,  p.  1950)  gives  much  smaller  engine- 
for  the  same  production  (10  tons),  viz. : — 


power 


Blowing-engine  for  lime-kiln  gas,  280  cub.  ft. 

per  minute,  to  force  against  33  lbs.  pressure 
Ditto  for  calcining-furnace  gas,  140  cb.  ft.  per 

minute,  to  force  against  37  lbs.  pressure . . . 

Vacuum-pump  for  filters    

Water-pu mp    

Pumps  for  brine,  milk  of  lime,  &c 

Engine  for  driving  the  Thelen  pans 

Hoist  for  limestone  and  coke 

Sundry  hoists  

Mill 

Friction  of  shafting    


20  H.P. 


12 

9> 

4 

99 

6 

9) 

2 

99 

4 

99 

2 

99 

1 

99 

6 

99 

13 

99 

70  H.P. 


If  this  power  can  be  supplied  by  a  central  condensing-engine, 
the  consumption  of  coals  need  not  exceed  1  kilog.  (2*2  lbs.)  per 
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Lorsepower-lioiir,  =  1680  kil.  in  24  hours ;  to  this  we  must  add 
3316  kil.  to  supply  boiler-steam  for  the  ammonia-stills,  altogether 
about  5000  kil.  coals.  If  the  stills  are  worked  by  the  exhaust- 
steam  of  the  engines,  we  must  (for  a  counter-pressure  of  2^  atm.) 
calculate  2^  kil.  (= nearly  5  lbs.)  of  coals  per  H.P.  hour,  that  is 
3780  kil.  The  whdle  of  this  steam  is  not  required  for  the  stills,  but 
only  that  for  60  H.P.,  and  the  other  10  H.P.  can  be  supplied  by 
a  condensing-engine.  [This  calculation  suffers  from  the  error  of 
assuming  that  all  the  small  machines  can  be  driven  from  one 
central  engine ;  but  this  is  not  possible,  and  the  exhaust  from  the 
small  pumping-engines,  &c.  is  practically  not  available.  The 
above  figures,  therefore,  represent  a  minimum.'] 

The  repairs  in  ammonia-soda  works  are  very  considerable,  as 
the  ammonia  acts  strongly  upon  the  iron  and  all  other  metals. 
Even  the  india-rubber  washers,  &c.  must  be  frequently  renewed. 
Every  '*  economy  ^'  in  that  line  leads  to  great  losses  of  ammonia. 
Hence  20  per  cent,  on  the  prime  cost  per  annum  ought  to  be 
charged  upon  all  apparatus  in  contact  with  ammonia. 

Statistics. 

In  England  from  1884  to  1893  the  following  quantities  of  salt 
were  used  for  the  ammonia-soda  process  : — 

In  1884 80,759  tons.  In  1889 219,279  tons. 

1885 115,032     „  1890 252,260    „ 

1886 137,220    „  1891 278,528    „ 

1887 158,636    „  1892 304,897    „ 

1888 212,181     „  1893 349,609    „ 

The  production  of  the  largest  English  firm,  Messrs.  Brunner, 
Mond,  and  Co.,  increased  from  2500  tons  in  1875  to  169,000  tons 
in  1892. 

At  the  Paris  Exhibition,  1889,  the  Solvay  Syndicate  was  stated 
to  manufacture  the  following  quantities  : — 

In  Belgium    .' 17,000  tons. 

„  France  100,000  „ 

„  England    125,000  „ 

„  Germany 100,000  „ 

„  Russia  17,000  „ 

„  America    60,000  „ 

„  Austria 11,000  „ 


Total 430,000     „ 
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These  figures,  whicli  do  not  comprise  the  ammonia-soda  made 
by  other  firms^  are  probably  considerably  '^levelled  upwards/'  as 
referring  to  that  period  (the  end  of  1888).  In  France,  for  in- 
stance, the  official  returns  show  a  consumption  of  152,202  tons 
salt  in  1887,  and  of  155,902  tons  in  1888  for  the  whole  of  the 
ammonia,  that  is  decidedly  less  than  80,000  tons  of  soda-ash,  and 
this  comprises  several  small  works  besides  the  Solvay.  In  the 
French  official  Chicago  Exhibition  Report,  Haller  certainly  quotes 
the  production  in  1892  =  110,000  to  120,000  tons  for  Varange- 
ville,  and  about  30,000  tons  for  other  ammonia-soda  works,  such 
as  those  near  Nancy,  Lille,  at  St.  Denis,  Sorgues,  Giraud. 

In  1892  there  were  the  following  ammonia-soda  works  in 
Germany : — Bernburg,  Wyhlen,  and  Saaralben,  all  three  belonging 
to  the  ^'  German  Solvay- Works  Co/';  Grevenberg,  Duisburg, 
Buchau,  Heilbronn,  Stassfurt,  Trotha,  Dieuze,  Montwy  near 
Inowrazlaw,  Salzuflen.  The  works  at  Rothenfelde  and  Piirth  had 
been  laid  in. 

Hasenclever  in  1877  calculated  the  soda  manufactured  in 
Germany,  expressed  as  100  per  cent,  sodium  carbonate,  =150,000 
tons,  three-fourths  of  which  was  ammonia-ash.  In  1890  he  states 
it  =30,000  tons  Leblanc  soda  and  165,000  tons  ammonia-soda. 
In  1894  it  was  calculated  that  about  210,000  tons  of  ammonia-ash 
(of  which  the  three  Solvay  works  made  125,000  tons;  and 
40,000  tons  of  Leblanc  ash  were  made  in  Germany. 

In  1893  there  was  only  one  large  Solvay  factory  in  America,  at 
Syracuse,  producing  82,000  tons  of  soda,  and  a  few  small  experi- 
mental ammonia-soda  works. 
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CHAPTER  VIIL 

OTHER  FORMS  OF  THE  AMMONIA-SODA  PROCESS. 

Ammofda^Soda  made  by  Solid  Ammonium  Bicarbonate. 

Sbyeral  former  proposals  are  founded  on  this  method^  but  it 
gained  a  certain  measure  of  success  only  through  the  improve- 
ments made  since  1878  by  Schloesing  (English  pat.  2180^  1878; 
2110,  1882;  4025,  1885).  The  real  shape  which  the  process  has 
taken  is  not  very  clear  from  the  specifications^  and  no  further 
account  of  it  has  been  published;  I  therefore  describe  the  process 
firom  the  verbal  communications  received  from  Mr.  Schloesing  on 
the  Paris  Exhibition  Jury^  in  1889,  which  I  have  reported  in  Zsch. 
f.  angew.  Chem.  1889,  p.  695. 

Schloesing's  new  method  is  founded  upon  the  following  pro- 
•cedure  : — ^Beginning  with  a  9  per  cent,  solution  of  NHg  in  water, 
and  passing  in  a  sufficient  quantity  of  COj,  we  obtain  a  coarsely 
•crystalline  precipitate  of  ammonium  bicarbonate.     This  goes  on 
for  a  considerable  time,  and  a  large  portion  of  the  NHs  can  be 
precipitated  in  this  manner  as  bicarbonate.    Beginning  with  a 
solution  of  normal  ammonium  carbonate,  (NH4)3C08,  we  find,  as 
may  be  expected,  that  this  does  not  absorb  the  COs  as  readily  as 
free  NHj  does.    This  smaller  efficiency  of  COj  upon  a  solution  of 
neutral  ammonium  carbonate   is,  however,  counterbalanced  by 
its  more  uniform  effect.    Therefore  the  lai^e  carbonating-towers, 
and  strong  blowing-engines  connected  therewith,  may  be  exchanged 
for  simpler  apparatus.    The  solution  of  ammonium  carbonate  is 
3run  down  in  a  coke-tower  in  which  lime-kiln  gas  with  30  per 
cent.  COs  ascends ;  the  gas  escaping  at  the  top  contains  8  or  4 
per  cent.  COj.     As  the  towers  would  otherwise  be  blocked  by 
aolid  bicarbonate,  two  towers  are  employed  in  rotation ;  the  weak 
COf  gas  passes  up  a  tower  fed  with  fresh  ammonium  carbonate, 
<x>ntaining  a  little  free  NHj,  and  here  dissolves  the  crusts  formed 
previously  on  feeding  the  tower  with  the  second  liquor.     These 
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towers  are  made  of  wood^  8  ft.  4  in.  x  8  ft.  4  in.  x  26  ft.  higfr. 
The  described  way  of  working  them  in  rotation  has  been  quite 
successful^  so  that  after  two  years'  work  no  obstruction  had  occurred 
and  no  cleaning  had  been  necessary.  The  solution  gets  heated  by 
the  process  itself^  which  prevents  a  crystallization  of  ammonium 
bicarbonate ;  but  even  on  cooling  this  would  not  take  place  to  a 
great  extent^  because  the  saturation  is  not  completed  here.  This  i» 
done  in  a  third  apparatus^  which  receives  the  tepid  solution  from 
the  second  tower ;  and  here  the  saturation  is  completed  by  pure 
COs^  obtained  in  the  first  distillation  of  the  mother  liquors  running 
from  the  sodium  bicarbonate. 

These  mother  liquors,  as  in  the  Solvay  process,  contain  |  of 
the  NH)  as  chloride  and  \  as  bicarbonate.  They  are  distilled 
in  special  column-apparatus  with  30  chambers ;  the  lime,  as  usual,, 
enters  in  the  lower  third  of  the  height,  so  that  10  chambers  work 
with  lime,  20  with  steam  alone.  On  the  top  a  mixture  of  NH^. 
and  CO2  escapes,  which  is  condensed  in  the  ammonium  carbonate 
liquor  remaining  after  the  crystallization  of  the  bicarbonate 
This  operation  evolves  much  heat,  which  is  carried  away  by  cold 
water  passing  through  leaden  coils.  The  work  is  performed  in  aa 
apparatus  similar  to  the  Glover  tower,  fed  on  the  top  with  the 
mother  liquor  from  the  crystallization  of  the  ammonium  bicar- 
bonate, while  at  the  bottom  the  mixture  of  NH3,  CO^,  and  steam, 
almost  free  from  air,  coming  from  the  ammonia-stills,  is  intro- 
duced. Here  most  of  the  NHg  is  condensed  with  but  little  CO3 ; 
most  of  the  CO2,  with  a  little  NH3,  escapes  at  the  top  and  i& 
employed,  as  previously  stated,  for  the  complete  saturation  of  the 
ammonium  bicarbonate  solution  in  the  third  absorber.  In  this- 
apparatus  the  temperature  rises  to  40^  or  45°,  and  the  liquor  here 
turns  into  a  solution  saturated  at  that  temperature,  so  that  it 
crystallizes  at  once  after  cooling.  The  apparatus  in  question 
consists  of  a  cylinder  with  agitating-gear,  which  is  never  blocked 
by  the  magma  of  solid  ammonium  bicarbonate  and  mother  liquor, 
because  the  crystals  attached  to  the  agitating-blades  dissolve  on 
running  in  the  fresh  liquor  for  the  next  operation. 

The  ammonium  bicarbonate  crystals,  which  are  mixed  with 
seven  or  eight  times  their  weight  of  mother  liquor,  are  retained  in 
large  filters  with  canvas  bottoms  till  6  or  7  tons  have  accumulated ; 
they  are  then  employed  directly  to  decompose  NaCl,  without  any 
washing,  by  running  over  them,  in  the  same  filter,  a  suitably  dis* 
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tributed  solution  of  common  salt.  This,  exactly  as  in  the  Solvay 
process,  effects  a  decomposition  to  the  amount  of  two-thirds ;  the 
sodium  bicarbonate  remains  behind  in  a  solid  form ;  the  solution 
ronning  away  at  the  bottom  contains  the  undecomposed  NaCl 
(^  of  the  whole),  the  undecomposed  ammonium  bicarbonate 
(also  ^),  and  the  newly  formed  ammonium  chloride  (}  of  the 
Nfls).  This  reaction  absorbs  heat,  and  it  is  necessary  to  supply 
this  from  without  [otherwise,  no  doubt,  no  pure  sodium  bicar- 
bonate would  be  obtained].  On  the  filter  remains  a  solid  block 
of  sodium  bicarbonate,  weighing  5  tons,  which  is  there  and  then 
washed  with  water,  in  order  to  displace  the  mother  liquor.  Before 
beginning  the  operation,  a  large  piece  of  wood  had  been  placed  in 
the  centre  on  the  filter;  it  should  now  be  removed,  when  it  is 
easy  to  dig  out  the  crystalline  mass.  This  mass  is  calcined  in  an 
ordinary  open  furnace,  which  avoids  the  well-known  difficulties 
connected  with  outwardly  fired  driers  and  calciners,  but  of  course 
causes  the  loss  of  the  second  molecule  of  CO3,  which  cannot  be 
utilized  in  this  case,  being  diluted  with  all  the  fire-gases.  As  there 
ifl  always  a  little  ammonia  in  these  gases,  they  must  be  passed 
through  an  open  scrubber,  consisting  of  a  coke-tower  fed  with 
sulphuric  acid  and  kept  at  a  temperature  of  100°  C,  so  that  the 
ammonium  carbonate  does  not  solidify  but  meets  the  acid  in  the 
state  of  vapour  *. 

Schloesing,  in*his  verbal  communications,  admitted  that  Thelen 
pans  would  be  better  than  his  open  furnaces ;  but  he  considered 
the  latter  to  be  sufficient,  as  he  obtains  enough  pure  CO2  from  his 
ammonia-stills.  [This  reasoning  seems  to  be  influenced  by  the 
greater  cost  and  the  royalty  to  be  paid  for  the  Thelen  patent.] 

Schloesing  claims  as  a  great  advantage  of  his  system  that  it  is 
quite  continuous,  without  the  necessity  for  a  periodical  cleaning 
required  by  the  Solvay  towers,  which,  as  this  must  be  done  by 
means  of  hot  liquor,  always  deteriorates  the  soda  made  imme- 
diately after. 

Schloesing  states  that  his  apparatus  needs  only  ^q  the  mechanical 
power  required  for  the  blowing-engine  working  Solvay  towers ; 
the  loss  of  ammonia  is  only  0*5  part  NHj  for  100  Na^COs. 

•  In  tlus  case,  and  for  the  special  reason  stated,  a  warm  condenser  may  be 
properly  employed  here ;  but  this  proves  nothing  for  Schloesing^s  hot  condensers 
in  ibe  case  of  hydrochloric  acid,  where  they  are  both  theoretically  wrong  and 
pnetically  a  fidlure.     Comp.  Vol.  II.  p.  207. 

l2 
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This  process  has  been  introduced  hj  Bell  Bros,  at  Middles- 
brough, where  22  tons  per  day  are  made  by  it ;  a  greater  extension, 
it  was  stated,  was  avoided  in  order  not  to  be  crushed  by  the  firm 
of  Messrs.  Brunner,  Mond,  &  Co.  [This  consideration  has  not 
prevented  seyeral  others  from  erecting  ammonia-soda  works.] 
Schloesing  declares  his  process  to  be  much  cheaper,  both  as 
regards  cost  of  plant  and  working,  than  the  Solvay  process.  But 
the  latter,  with  the  enormous  capital  the  Syndicate  represents  in 
all  countries,  has  a  practical  monopoly  which  at  present  cannot 
be  overcome.  When,  as  Schloesing  believes,  after  a  number  of 
years,  the  patents  will  have  run  out  and  the  apparatus  used  up, 
newly  founded  works  will  prefer  his  to  Solvay's  process.  [It 
would  be  very  dangerous  to  do  this  on  the  strength  of  the 
published  descriptions,  for  the  first  French  works,  after  losing 
iE24,000,  has  been  stopped,  and  the  English  experiences  are  kept 
secret.  I  have  thought  it  right  to  repeat  the  statements  of  such 
an  authority  as  Schloesiug,  although  I  am  far  from  agreeing 
with  the  whole  of  them.  The  deterioration  of  the  apparatus 
hardly  counts  in  this  case,  for  the  plant  must  be  written  off 
every  5  years  in  this  process :  comp.  p.  143.] 

The  apparatus  for  filtering  the  ammonium  bicarbonate  and 
converting  it  into  sodium  carbonate  is  shown  (according  to  patent 
No.  4025,  1885)  in  figs.  79  to  81.  A  A  are  cylinders,  two  of 
which  can  be  always  put  in  communication  by  opening  the  valves 
B.  In  the  bottom  of  each  cylinder  is  a  central  opening,  closed 
by  a  lid  connected  with  a  hollow  wooden  pillar  C.  An  opening  D 
on  one  side  of  the  bottom  communicates  with  box  E.  Above 
the  bottom  there  is  a  grid  (not  shown  in  the  drawing)  covered 
with  canvas.  The  cylinders  have  movable  covers,  whose  central 
openings  communicate  with  box  G,  through  which  the  charges 
are  divided  among  the  cylinders.  The  chaise  must  be  laid  down 
in  the  cylinder  with  great  care.  After  enough  ammonium  bicar- 
bonate has  been  put  in,  the  cover  of  the  cylinder  is  replaced 
by  an  apparatus  by  which  the  newly  added  liquor  can  be  very 
uniformly  divided,  viz.  a  circular  dish  with  spirally  cut-out 
bottom,  fig.  81.  It  rests  on  rollers  and  has  a  central  bosh^ 
through  which  passes  a  shaft,  resting  on  the  wooden  pillar  C 
and  carrying  a  pulley  at  the  top.  Below  this  the  shaft  carries  a 
sleeve,  to  the  top  of  which  a  second  pulley  is  fixed ;  below  this 
there  is  a  cup,  in  the  bottom  of  which  from  four  to  eight  pipes 
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are  fitted,  extending  to  the  outer  margin  of  the  spirally  bottomed 
dish.  Brine  is  run  into  the  cap  and  through  its  pipes  on  to  the 
edge  of  the  dish;  the  pipes  and  the  dish  turn  in  opposite 
directions.  On  the  inclined  bottom  of  the  dish  the  brine  flows  as 
far  as  the  spiral  opening,  from  which  it  drops  upon  the  crystals 
with  great  uniformity.  When  the  decomposition  is  almost 
complete,  the  liquid,  issuing  at  the  bottom  of  the  cylinder,  is  run 
into  another  vessel,  to  be  used  at  the  next  operation.  The  same 
apparatus  serves  for  washing  with  water.  After  draining,  the 
central  pillar  is  removed,  and  the  contents  of  the  cylinder  are 
discharged  by  means  of  the  opening  thus  produced.  The  mass  has 
sufficient  consistency  to  be  charged  into  the  calcining  furnaces. 

The  transformation  of  solid  sodium  chloride  by  a  solution  of 
ammonium  bicarbonate,  a  process  similar  to  that  just  described, 
forms  the  subject  of  Glaus,  Sulman,  and  Berry's  English  patent 
No.  7701,  1887.  They  begin  with  solid  NaCl  in  a  vessel  similar 
to  Schloesing's^  run  in  a  solution  of  ammonium  carbonate,  and 
pass  COs  into  the  mass,  constantly  stirring  till  the  reaction  is 
complete. 

Ammonia-Soda  in  Combination  unth  Coal-gas 

Manufacture. 

Gerlach  (Dingl.  Joum.  ccxxiii.  p.  82)  proposed  combining  the 
working-up  of  ammoniacal  gas-liquor  with  the  manufacture  of 
soda.  The  gas-liquor  is  distilled;  in  the  distillate,  chiefly  con- 
sisting of  ammonium  carbonate,  common  salt  is  dissolved ;  and 
CO2  is  passed  into  it  so  long  as  any  sodium  bicarbonate  is  precipi- 
tated. The  liquor  now  contains  some  ammonium  carbonate 
(which  is  distilled  off),  and  ammonium  chloride  and  undecomposed 
sodium  chloride  (which  must  be  separated  in  a  suitable  manner). 

The  only  "  novelty ''  here  is  the  utilization  of  the  ammonium 
chloride  by  sale,  instead  of  by  recovering  the  NHj ;  but  this  had 
been  proposed  several  times  previously,  and  it  confines  the 
employment  of  the  process  to  the  narrowest  possible  limits. 
Besides,  Gerlach  proposes  treating  ammonium  carbonate  with 
sodium  sulphate  (comp.  the  process  of  Gaskell  and  Hurter,  infra) » 
Ammonium  nitrate  is  to  be  made  in  a  similar  manner.  The 
original  also  contains  proposals  for  separating  the  chlorides  and 
sulphates  of  sodium  and  ammonium  by  concentrating  the  solution 
and  crvstallizing. 
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l¥allaoe  and  Clans  (Nos.  272  and  2842, 1877)  patented  a  process 
intended  to  combine  the  purification  of  coal-gas  with  the  ammo- 
niacal  manufacture  of  soda.  The  coal-gas  is  to  be  purified  entirely 
*with  ammonia  (instead  of  with  lime  or  iron  oxide),  which  is 
applied  in  a  series  of  scrubbers  constructed  in  a  peculiar  way  and 
fitted  with  angle-iron  bars  lying  crosswise.  The  H2S  is  gradually 
•driTen  out  by  COs,  so  that  chiefly  ammonium  sulphide  is  found 
in  the  scrubbers  away  from,  and  ammonium  carbonate  in  those 
Bear  to  the  retorts ;  the  former  even  contain  an  excess  of  COj, 
-and  H2S  only  in  the  free  state.  In  this  liquor  common  salt  is 
dissolved  and  pure  COj  (obtained  by  decomposing  sodium  car- 
bonate) passed  into  it.  The  precipitate  (consisting,  as  usual,  of 
«odium  bicarbonate)  is  heated  in  a  closed  vessel,  the  COj  being 
eoUected  in  a  gas-holder  and  applied  as  above  stated.  The 
solution,  containing  ammonium  chloride,  some  sodium  chloride^ 
and  ammonium  bicarbonate  and  sulphide  in  excess,  is  heated  to 
drive  off  the  latter,  and  then  run  upon  heated  hydrate  of  lime  :  all 
the  NHs  is  thus  liberated,  and  is  again ""  admitted  into  coal-gas, 
where  it  starts  the  purifying  process  anew.  The  ammonia  con- 
tained in  the  gas  is  available  for  other  purposes ;  it  is  found  as 
ammonium  sulphide  in  the  last  scrubbers,  and  suffices 'for  absorb- 
ing three-fourths  of  all  the  HfS  contained  in  the  gas.  In  this 
g>roce8s  there  is  a  saving,  as  against  the  ordinary  ammoniacal  soda 
process,  of  all  the  carbonic  acid  and  of  the  ammonia  lost. 

Calculated  from  the  CO3  usually  contained  in  coal-gas,  each 
ton  of  coal  employed  in  the  gas-works  ought  to  yield  from  70  to 
84  lb.  of  purest  soda-ash;  the  London  gas-works  alone  would 
produce  about  1100  to  1200  tons  per  week,  and  the  large  pro- 
'vincial  towns  would  make  this  up  to  4000  tons. 

The  Jimmonia  sulphide  is  partly  employed  for  purifying  coal- 
^as  from  carbon  disulphide ;  but  for  the  most  part  it  is  decomposed 
by  sulphuric  or  hydrochloric  acid,  and  the  (almost  pure)  sul- 
phuretted hydrogen  utilized  in  the  well-known  manner.  Or  the 
^ntion  of  ammonium  sulphide  is  concentrated  and  treated  with 
sulphurous  acid;  the  ammonium  thiosulphate  thus  formed  is 
decomposed  by  sulphuric  acid,  and  the  sulphurous  acid  now 
liberated  utilized  for  the  purification  of  coal-gas  from  sulphuretted 
hydrogen^  in  which  case  sulphur  is  precipitated  and  collected. 
[This  process  has  not  been  tried  yet.  Evidently  it  has  consider- 
jible  difiSculties  to  surmount ;  but  how  far  these  are  fatal,  only 


152  THE  AMMONIA-SODA  PROCESS. 

experiment  could  show.  The  chief  point  is,  whether  the  resulting- 
liquor  is  not  too  impure  (tarry)  to  be  used  for  the  direct  decom-^ 
position  of  salt.] 


Sodium  Manocarbonate  and  Ammonium  Chloride. 

Scherbascheff  (English  pat.  2271,  1875)  patented,  in  severak 
countries,  the  following  process.  By  dissolving  common  salt 
and  ammonium  carbonate  in  the  same  vessel  at  from  60^  to  70^  C.,. 
he  professes  to  obtain  ahnost  insoluble  [?]  monohydrated  NajCO^ 
and  a  solution  of  NH^CL  At  a  higher  temperature  than  the 
above  the  ammonium  carbonate  would  be  dissociated  into  COs- 
and  NHs  and  the  reaction  inverted.  He  proposes  to  use  the 
following  apparatus :— >-Two  tubs  are  half-filled  with  water  or  brine»^ 
In  one  of  these  several  baskets  with  salt  in  lumps  are  suspended,, 
and  the  whole  heated  up  to  60^  C.  then  other  baskets  are- 
suspended  containing  ammonium  carbonate.  The  reaction  at  once 
sets  in:  Na^COs+HsO  is  precipitated  as  a  crystalline  powder;, 
and  NH4CI  remains  in  solution.  Moreover  NHs  <^d  CO2  are 
given  off,  and  are  conveyed  by  a  pipe  in  the  cover  of  the  vessel  into> 
the  liquor  of  the  second  tub.  The  operation  is  finished  when  the- 
hydrometer  shows  the  liquor  to  be  saturated  with  NH^Cl;  then, 
the  baskets  with  salt  and  ammonium  carbonate  are  taken  out  and 
hung  in  the  second  tub.  The  first  tub  is  still  heated  to  60°  or  70^ 
for  some  time,  in  order  to  precipitate  all  the  soda.  The  solution 
of  ammonium  chloride  is  run  off  for  crystallization,  and  the  soda 
taken  out  of  the  tub.  After  centrif uging,  washing  with  boiling: 
solution  of  soda,  and  drying,  it  is  ready  for  sale.  The  crystallized 
NH4CI  is  worked  up  into  ammonium  carbonate  in  the  well-known 
iray ;  the  mother  liquor  is  employed  in  the  tubs  as  above. 

[This  process  is  wrong  in  principle,  and  the  details  have  evidently^ 
been  worked  put  by  an  unpractised  hand.] 

Another  form  of  this  principle  was  proposed  by  Dresel  and 
LentofE  (Germ.  pat.  applic.  D  5977).  They  pass  an  equivalent  of 
COs  into  a  saturated  ammoniacal  brine,  cool  this  down  to  5°  or 
8°  C,  and  then  saturate  it  with  NH3  under  a  slight  pressure- 
(about  8  ft.  of  liquid) ,  so  long  as  a  precipitate  of  NasCOt,  H^O  is. 
formed. 
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Substituted  Ammonia. 

Instead  of  ordinary  ammonia,  Bernard  (French  pat.,  Oct.  6,. 
1876)  proposes  to  nse  methylamine,  which,  for  the  manufacture 
of  soda,  is  certainly  far  too  dear,  and  does  not  present  any 
advantage.  It  is  different  with  the  analogous  manufacture  of 
potoBnum  carbonate  from  the  chloride,  since,  owing  to  the  great 
aoltibility  of  potassium  bicarbonate,  the  ordinary  ammonia  process- 
does  not  apply  in  this  case.  For  this  purpose  Ortlieb  and  Miiller 
(Germ.  pat.  5786  and  9376)  in  1878  proposed  trimethylamine, 
the  hydrochlorate  of  which  is  extremely  soluble,  and  this  process 
has  been  actually  at  work  on  the  large  scale  for  some  time.  The 
inyentors  had  constructed  the  requisite  apparatus  with  much 
acumen,  overcoming  the  unusually  great  difficulties  presented  by 
the  costliness  and  the  frightful  odour  of  the  reagent.  From  their' 
paper  on  the  theoretical  part  of  the  process  (Bull.  Scient.  du 
D^partement  du  Nord,  1880,  Nos.  7  &  9)  it  appears  that  this 
process  is  not  applicable  to  soda,  as  the  sodium  bicarbonate  is 
not  precipitated  in  a  crystalline,  but  in  an  extremely  fine,  almost 
gelatinous  form. 

Alcoholic  Ammonia-Soda  Process. 

Such  a  process  has  been  patented  by  H.  de  Grousilliers  (EngL 
pat.  2838, 1873),  and  has  been  further  developed  by  him  together 
with  W.  Siemens  and  H.  Kunheim.  As  the  alleged  advantages  of 
this  process  have  proved  quite  illusory,  and  it  has  been  relinquished 
after  being  used  for  a  short  time,  I  confine  myself  to  referring  to 
its  description  in  the  first  edition  of  this  work,  vol.  iii.  pp.-  47 
and  48. 

AppUcaiion  of  the  Ammonia- Soda  Process  to 

Sodium  Sulphate, 

As  Byar  and  Hemming's  process  does  not  produce  hydro* 
chloric  add,  it  might  seem  advantageous  to  work  it  with  sodium 
sulphate  instead  of  chloride,  since  in  this  case  the  hydrochloric 
add  has  been  previously  obtained,  and  the  sulphur  of  the  saltcake 
was  formerly  reckoned  as  lost.  This  is  certainly  no  longer  the- 
case  since  the  introduction  of  the  Claus-Chance  process.  Vol.  II.. 
p.  867. 
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The  first  mention  of  this  process  is  found  in  Bower's  patent^ 
No.  8413^  in  1840.  He  mixes  in  an  iron  cylinder,  provided  with 
agitating-gear,  86  parts  of  ammonium  bicarbonate  with  100 
sodium  sulphate  and  200  water  for  18  to  36  hours ;  the  solution 
of  ammonium  sulphate  is  then  drained  from  the  crystals  of  sodium 
bicarbonate.  Where  ammonium  sesquicarbonate  is  used^  a  current 
of  CO3  is  introduced  during  the  agitation.  The  ammonium 
sulphate  may  be  decomposed  with  sodium  chloride,  and  the 
NH4CI  used  for  regenerating  ammonium  bicarbonate.  The 
sodium  bicarbonate  is*  converted  into  monocarbonate  by  igniting 
it  in  a  closed  vessel,  so  that  the  adhering  ammonia  can  be 
recovered. 

Later  on  Gerlach  again  proposed  this  process  (p.  150),  evidently 
without  realizing  any  of  its  difficulties,  and  probably  without 
having  practically  tried  it  at  all.  The  same  must  be  said  of 
Weldon's  patent.  No.  5605, 1883. 

The  process  was  given  a  practicable  form  by  Gaskell  and  Hurter 
<Pat.  5712,  1883;  8804,  1884;  9208,  1886),  who  were  the  first 
to  deal  seriously  with  the  question  how  to  dispose  of  the  ammonium 
sulphate  formed  in  that  reaction.  If  this  is  mixed  with  its  equiva- 
lent of  sodium  sulphate  and  heated  in  a  current  of  steam,  the 
whole  of  the  NH3  is  liberated  and  sodium  bisulphate  remains 
behind.  On  mixing  the  latter  with  common  salt  and  heatiog  we 
obtain  HCl  and  normal  sodium  sulphate  (saltcake),  with  which 
the  process  is  recommenced.    The  reactions  are  as  follows  : — 

(1)  NajS04  +  2NH3  +  2C02  +  2H30=2NaHC03  +  (NH4)2S04, 

(2)  (NHOjSO^ + Na3S04 = 2NH3  +  2NaHS04, 

(3)  NaHSO^  +  NaCl = HCl  +  Na5S04. 

The  first  stage  is  carried  out  as  follows  : — A  hot  solution  of 
«odium  sulphate,  of  spec.  grav.  1*25  to  1'30,  is  purified  from  lime, 
iron,  and  free  acid  by  adding  a  little  sodium  carbonate,  and  is 
<!Ooled  down  to  38^  C.  Ammonia  is  then  passed  in  until  24  or  25 
parts  NHs  are  present  to  100  Na^SO^,  the  temperature  to  be  kept 
between  32°  and  38°  C.  At  the  same  time  CO^  is  introduced ; 
when  normal  ammonium  carbonate  has  been  formed,  the  further 
introduction  of  CO^  must  take  i)lace  under  pressure.  As  soon  as 
sodium  bicarbonate  begins  to  precipitate,  the  solution  is  allowed 
ix)  cool  down. 
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This  stage  does  not  seem  to  offer  any  great  difficulties,  bat 
these  begin  with  the  second  reaction,  which  is  an  endothermic 
one  and  evidently  requires  too  much  time,  coals,  and  steam  for  an 
economical  process.  Blattner  (Dingl.  Journ.  pp.  255,  252)  found 
a  great  loss  of  ammonia  on  heating  ammonium  sulphate  with 
flodium  sulphate ;  but  as  he  neglected  to  pass  steam  through  at  the 
same  time,  the  temperature  evidently  got  too  high,  which  explains 
the  destruction  of  some  ammonia. 

Hurter  and  Omholt  (Engl.  pat.  7107,  1893)  describe  the 
following  process  for  working  up  the  ammonium  sulphate  formed 
in  the  above  process.  They  evaporate  the  solution  to  dryness  in 
«teel  boat-pans  and  mix  the  dry  salt  with  an  excess  of  iricalcium 
phosphate  (natural  phosphorite),  in  order  to  form  monocalcium 
phosphate,  calcium  sulphate,  and  ammonia : — 

CajPA  +  (NH4)  380^=  CaH^PjOg + 2CaS04  +  4  NH,. 

With  this  object  they  heat  the  mixture  in  horizontal  cast-iron 
retorts,  fired  from  without,  in  a  slow  current  of  steam  super- 
heated to  290^-340^  C.  The  gases  are  cooled  down,  whereby  a 
dilate  solution  of  ammonium  sulphate  is  formed,  leaving  dry  NH3 
for  repeating  the  process.  The  retort  is  allowed  to  cool  in  an 
atmosphere  of  steam  down  to  about  104%  whereby  the  calcium 
monophosphate  again  takes  up  any  expelled  water ;  this  residue 
18  then  ground  up  for  superphosphate,  eventually  adding  some 
more  sulphuric  acid.  [This  process  has  therefore  only  any  value 
if  the  manufacture  of  soda  is  to  be  combined  with  that  of 
artificial  manure.] 

Ortlieb  and  Miiller  (Engl.  pat.  3967,  1878)  suggest  converting 
sodium  sulphate  into  bicarbonate  by  treatment  with  1^  or  2  equiva- 
lents of  trimethylamine  and  carbonic  acid. 

Wigg  (Engl.  pat.  7525, 1884)  treats  sodium  sulphate  together 
with  a  concentrated  solution  of  ammonium  carbonate  under 
pressure  with  COs*  The  filtrate  from  the  bicarbonate  is  to  be 
utilized  as  ammonium  sulphate  or  to  be  decomposed  by  NaCl  into 
Na^04  and  NH4CI. 


Treatment  of  Sodium  Nitrate  by  the  Ammonia- Soda  Process. 

In  1876Gerlach  proposed  sodium  nitrate  for  this  purpose  (p.  150), 
and  in  1877  Lesage  and  Co.  obtained  a  patent  for  it.    This  process 
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has  been  again  patented  by  Chance  (Engl.  pat.  5919,  1886).  H& 
dissolves  sodium  nitrate  in  water,  adding  the  alkaline  washings- 
from  a  former  operation,  and  treats  the  solution  with  its  equivalent 
of  ammonia,  then  with  carbonic  acid  under  pressure.  Sodium 
bicarbonate  and  ammonium  nitrate  are  formed,  the  preparation  of 
the  latter  being  the  principal  object. 

Employment  of  Lehlanc  Alkaluwaste  in  the  Ammofda-Soda 

Manufacture, 

Schaffner  and  Helbig  (Germ.  pat.  19216)  decompose  Leblanc 
tank-waste  with  magnesium  chloride^  as  this  is  done  in  their 
sulphur-recovery  process,  YoL  II.  p.  858.  The  sulphuretted 
hydrogen  must,  of  course,  be  utilized  as  there  described;  but  the 
magnesia  formed  at  the  same  time  is  not  reconverted  into  MgClf 
in  the  old  way  (by  treating  it  with  calcium  chloride  and  carbonic- 
acid),  but  it  is  utilized  by  employing  it,  together  with  an  additional 
quantity  of  MgO  produced  by  decomposing  the  excess  of  MgClf 
with  lime  or  dolomite,  to  expel  the  ammonia  from  ammonium 
chloride,  2NH4Cl  +  MgO=2NH8  +  MgCl,.  This  proposal  does- 
not  seem  to  have  been  carried  out  on  a  manufacturing  scale* 
It  would  have  to  deal  with  the  great,  although  hardly  insuper* 
able,  difficulty  of  completely  decomposing  ammonium  chloride  by 
magnesia. 

Pamell  and  Simpson  have  taken  out  a  large  number  of  patents- 
for  a  combination  of  the  Leblanc  and  ammonia  process  by 
decomposing  the  NH4CI  produced  in  the  latter  with  the  CaS 
produced  in  the  former  (Engl.  pat.  381,  1937,  7657,  8440,  of 
1885;  46,  47  of  1887;  5853,  9873  of  1888;  2831,  4648,  6175  of 
1888 :  comp.  also  Parnell^s  lecture  and  discussion  thereon  in  Joum* 
Soc.  Chem.  Ind.  1889,  p.  11) .  Their  process  was  very  much  talked 
about ;  it  was  tried  on  the  large  scale,  and  at  first  roused  serious 
expectations  {e.g.  Muspratt,  Journ.  Soc.  Chem.  Ind.  1886,  p.  412), 
which,  however,  were  not  fulfilled,  since  even  the  first  reaction, 
viz.,  the  decomposition  of  tank-waste  by  the  ammonium  chloride 
liquor,  is  an  incomplete  one. 

As  regards  the  older  forms  of  Pamell  and  Simpson's  process 
we  refer  entirely  to  the  patent  specifications;  and  we  confine 
ourselves  to  an  outline  of  the  last-chosen  form.  By  treating 
ammonium  chloride  liquor  with  calcium  sulphide  in  the  shape 
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of  tank-waste^    ammonium  sulphide  and   calcium  chloride  are 
formed :  g  NH4CI + CaS = CaCl,  +  (SK^,S. 

The  ammonium  sulphide  escapes  as  vapour^  which  is  absorbed 
in  water  or  weak  ammonia  solution^  until  this  titrates  8  to  10  per 
cent.  NHs*  This  solution  is  cooled  down  and  treated  with  pure 
CO2,  which  is  obtained  as  below ;  thus  ammonium  bicarbonate  is 
formed  and  sulphuretted  hydrogen  is  evolved : 

(NHO,S  +  2C0,+ 2H,0=2NH4 .  H .  COs+HjS. 

The  last-meiitioned  gas  is  freed  fromCOj  and  NHs  by  washing 
and  is  conveyed  into  a  gas-holder  for  further  use.  The  crystals 
of  ammonium  bicarbonate^  together  with  some  mother  liquor,  are 
removed  from  the  apparatus,  and  after  draining  are  agitated  with 
brine^  whereby  sodium  bicarbonate  is  formed  (as  in  Schloesing's 
process  of  1878^  p.  146)^  which  is  then  converted  into  soda-ash. 
The  ammonium  chloride  remaining  in  the  mother  liquor  returns 
into  the  cycle  of  operations  by  being  heated  with  Leblanc  tank- 
waste.  The  ammonia  removed  from  the  carbonators  in  the  shape 
of  carbonate  and  mother  liquor  is  made  up  by  adding  ammonium 
sulphate,  so  that  the  strength  of  the  ammonia  solution  ia  always 
kept  up.  The  mother  liquor  from  the  carbonator  serves  for 
absorbing  the  ammonium  sulphide  given  off  in  the  first  operation. 

The  requisite  pure  carbonic  acid  is  obtained  from  lime-kiln 
gases^  after  washing  and  cooling  these  by  absorbing  them  in  a  cold 
aqueous  solution  of  ammonium  carbonate,  containing  from  25  to 
30  per  cent,  of  this  salt,  at  a  temperature  never  exceeding  21^  C. 
Crystals  of  ammonium  bicarbonate  are  formed  which  are  separated 
from  the  mother  liquor  and  heated  to  74^  in  a  still,  when  CO^  with 
a  little  steam  and  NHj  is  evolved.  The  gas  is  cooled  down,  the 
products  of  condensation  flowing  back  into  the  still;  it  is  then 
freed  from  NHs  ^7  washing  with  water  or  brine,  and  is  then  ready 
for  use.  The  liquid  remaining  behind  in  the  still  is  cooled  down ; 
it  then  gives  a  second  crop  of  bi  carbonate  crystals,  and  the  mother 
liquor  returns  into  the  apparatus  for  absorbing  CO^  from  lime- 
kiln gas. 

Leith  (Engl.  pat.  21078,  1890)  heats  brine  under  pressure  with 
ammonium  sulphide  and  carbonic  acid;  sodium  bicarbonate, 
ammonium  chloride,  and  sulphuretted  hydrogen  are  formed.  The 
latter  is  passed  into  a  mixture  of  Leblanc  waste  and  water^  thus 
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forming  a  solation  of  calcium  sulphydrate  (Vol.  II.  p.  864) .  This 
solution  is  mixed  with  the  NH4CI  solution  filtered  from  the 
NaHCOa  and  heated^  when  (NH4)3S  and  H^S  escape,  and  CaCl^ 
remains  behind.  The  ammonium  sulphide  is  absorbed  in  brine  and 
is  used  as  above ;  the  H^S  is  burnt  and  manufactured  into  sulphuric 
acid,  or  utilized  in  other  ways.  [The  principal  difference  between 
this  process  and  that  of  Parnell  and  Simpson  seems  to  be  the 
application  of  heat  and  pressure  in  the  first  operation.]  According 
to  another  patent  by  the  same  inventor  (No.  15648,  1890), 
the  H2S  coming  from  Parnell  and  Simpson's  process  is  simply 
passed  into  Leblanc  waste,  the  calcium  sulphydrate  formed  is 
employed  for  decomposing  ammonium  chloride,  and  the  ga» 
evolved  used  as  above. 

Ammonium  sulphide  is  also  used  in  a  very  complicated  process 
by  Daguin  (Engl.  pat.  8668, 1888) .  The  following  are  the  different 
stages : — 1.  A  mixed  solution  of  NaCl  and  (NH4)2S  is  treated 
with  CO2;  NaHCOa  is  precipitated,  NH4CI  remains  in  solution, 
and  HjS  escapes.  2.  The  NaHCOs  is  calcined,  and  yields  CO, 
for  No.  1 .  3.  The  NH4CI  solution  is  boiled  with  barium  sulphide  ; 
BaCls  solution  is  formed,  ammonium  sulphide  distills  off,  is 
absorbed  in  brine,  and  used  for  No.  1.  4.  The  barium  chloride  is 
either  brought  to  dryness,  and  by  H^S  and  air  converted  into 
BaS04  ^^^  4HC1,  or  else  these  two  substances  are  produced  by 
burning  the  H^S,  and  passing  the  SO3,  together  with  excess  of  air, 
through  the  solution  of  BaClj  in  the  presence  of  certain  metallic 
chlorides,  or  else  BaClj  is  treated  with  MnOj  and  H^S,  in  order  to 
obtain  BaS04,  MnClj,  and  free  chlorine.  5.  BaS04  is  reduced 
by  coal  to  BaS,  *which  is  either  used  in  No.  3  or  is  split  up  by 
boiling  with  water  into  barium  hydrosulphide  and  barium  hydrate. 
[The  aim  of  this  process  is  to  recover  the  chlorine  as  such  or  a& 

Ha.] 
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CHAPTER  IX. 

MANUFACTURE  OF  COMMERCIAL  BICARBONATE  BY  THIT 

AMMONIA-SODA  PROCESS. 

It  would  at  first  seem  very  natur&l  to  manufacture  the  sodium 
bicarbonate  required  in  commerce^  especially  for  baking-powder 
and  for  medical  purposes  (amounting  to  about  15^000  tons  per 
annum,  comp.  Vol.  II.  p.  720),  by  the  ammonia-soda  process, 
in  which  that  compound  is  the  first  product  formed.  But  it  has 
taken  many  years  to  effect  this,  owing  entirely  to  the  circumstance 
that  the  crude  bicarbonate  cannot  be  quite  freed  from  ammonia 
salts  by  washing,  and  it  thus  retains  a  smell  incompatible  with 
its  practicable  employment,  apart  from  the  loss  of  ammonia. 
Eoster  (Fischer's  '  Jahresbericht,'  1880,  p.  269)  reports  that  a 
sample  of  commercial  sodium  bicarbonate  tested  by  him  in  1880 
contained  4  per  cent,  ammonium  bicarbonate  !  Such  stuff  could,. 
of  course,  not  compete  in  the  market.  Since  then,  however,  that 
difficulty  has  been  overcome,  and  most  of  the  bicarbonate  now 
found  in  trade  comes  from  this  source. 

The  crude  bicarbonate,  as  it  remains  on  the  filters,  can  be 
converted  into  the  commercial  article  either  by  the  wet  or  by  the 
dry  method ;  both  have  been  carried  out  in  practice. 

The  wet  method  consists  in  dissolving  the  crude  bicarbonate  in 
warm  water,  filtering  and  saturating  under  pressure  with  pure- 
COs  at  a  moderate  temperature  (below  65°  C.) .  On  cooling  pure 
bicarbonate  crystallizes  out  and  is  dried,  ground,  and  packed  as 
described  in  Vol.  II.  p.  716.  The  mother  liquors  are  probably 
used  over  again  several  times ;  when  they  have  become  too  rich 
in  ammonia,  they  are  returned  into  the  general  manufacture. 

Richards  (Engl,  pat  376,  1874)  adds  to  crude  bicarbonate 
dilute  ammonia,  to  form  neutral  ammonium  carbonate,  which 
is  then  removed  by  washing,  whereupon  the  purified  sodium. 
bicarbonate  is  dried. 
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Mond  and  Jarmay  (Engl.  pat.  2996^  1884)  found  that  ou  dis- 
solving acid  bicarbonate  in  warm  water  and  cooling,  pure 
bicarbonate  crystallizes  out  and  all  ammonia  salts  remain  in 
solution.  They  dissolve  the  crude  salt  at  65^  C,  filter  off  the 
insoluble  impurities,  and  allow  the  solution  to  cool  down.  The 
bicarbonate  separates  in  granular  crystals,  which  are  drained  by  a 
centrifogal  machine  or  the  like,  dried,  and  ground.  The  solution 
may  also  be  made  at  a  higher  temperature  in  an  atmosphere  of  CO^ 
:and  under  pressure,  but  it  must  then  be  cooled  down  to  65^ 
before  taking  off  the  pressure.  The  mother  liquors  can  be  used 
many  times  over  again ;  when  they  have  become  too  rich  in  am- 
ononia^  this  is  driven  off  by  boiling,  and  the  liquid  is  evaporated  to 
^dryness ;  but  preferably  the  mother  liquor  is  used  as  a  partial  substi- 
tute for  washing  the  crude  bicarbonate  on  the  vacuum-filters  (p.  78) . 

Watts  and  Richards  (Engl.  pat.  10,955,  1886)  remark  that  in 
the  above  process  the  yield  of  bicarbonate  is  small,  but  it  can  be 
increased  by  adding  common  salt  to  the  warm  solution.  The 
imother  liquor  is  used  for  dissolving  more  crude  bicarbonate,  or 
instead  of  brine  in  the  ammonia-soda  manufacture. 

Solvay  (Engl.  pat.  173,  1888)  treats  a  hot,  filtered,  and  again 
-cooled  solution  of  crude  bicarbonate  with  pure  CO^,  obtained  by 
boiling  crude  bicarbonate  with  steam  in  a  column  apparatus ;  thus 
.a  precipitate  of  pure  bicarbonate  is  formed. 

Jarmay  (Engl.  pat.  23890,  1893)  describes  the  following  im- 
provements : — ^The  crude  bicarbonate  is  dissolved  in  a  closed  vessel 
provided  with  an  agitator  and  with  a  valve-funnel  for  charging 
the  salts;  by  means  of  a  close  steam-coil  the  temperature  is  kept 
between  85°  and  90^  C.  The  escaping  vapours,  containing  NHs, 
some  COs,  and  steam,  are  passed  through  a  multitubular  cooler, 
where  they  are  surrounded  by  mother  liquor  from  a  former 
-operation,  and  from  which  the  cooled  CO)  is  carried  away  for  use. 
The  solution  remaining  in  the  dissolver  now  contains  bicarbonate 
and  sesquicarbonate ;  it  is  passed  through  a  filter-press  and  then 
pumped  upon  an  iron  tower,  containing  many  compartments  with 
inner  water-cooling  pipes,  which  reduce  the  temperature  to  72°  C. 
At  the  bottom  lime-kiln  gas  is  introduced  and  causes  a  constant 
agitation  by  bubbling  through  the  liquid.  The  carbonated  liquor, 
filled  with  suspended  bicarbonate,  is  conveyed  from  the  bottom  of 
the  tower  on  to  a  filter,  placed  on  a  higher  level,  where  the  solid 
bicarbonate  remains  behind ;  the  mother  liquor  first  flows  round 
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the  pipes  of  the  above-mentioned  apparatus,  where  it  is  heated, 
and  then  back  into  the  dissolver.  The  bicarbonate  crusts  forming 
in  the  tower  are  dissolved  by  mother  liquor,  heated  to  80°,  and 
this  solution  is  also  conveyed  back  into  the  dissolver,  to  be 
saturated  with  crude  bicarbonate. 

In  the  dry  method  the  principal  feature  is  drying  the  damp, 
cmde  bicarbonate  in  an  atmosphere  of  COs  to  avoid  decom- 
position, and  depriving  the  escaping  vapours  of  their  ammonia. 
This  may  be  done  by  the  following  apparatus,  which  is  somewhat 
similar  to  that  used  in  drying  wool : — Within  a  large  closed  box 
is  an  endless  double  chain,  nmning  in  several  tiers  one  above 
another^  iron  plates  between  the  two  chains  acting  as  carriers. 
The  damp  bicarbonate  is  first  put  into  a  horizontal  revolving 
drum,  fixed  alongside  the  box,  through  which  passes  the  mix- 
tare  of  gases  coming  from  the  drying-box,  and  from  this  onto 
the  top  tier  of  the  box,  from  which  it  descends  gradually  to  the 
bottom^  and  is  there  carried  outwards.  Warm  air,  or  better 
warm  lime-kiln  gas,  is  blown  into  the  box  by  means  of  a  fan- 
blast  ;  it  travels  over  the  single  tiers,  and  lastly  through  the  afore- 
mentioned drum.  This  warm  air  is  best  not  introduced  at  the 
bottom  tier,  but  higher  up,  so  that  the  warm  dry  bicarbonate 
oools  down  to  some  extent  before  leaving  the  apparatus.  In  the 
top  of  ^  the  drying-box  is  an  opening  through  which  pure  CO3 
is  introduced ;  this,  owing  to  its  high  specific  gravity,  sinks  to  the 
bottom^  and  causes  especially  the  lowest  tiers  to  be  always  filled 
with  an  atmosphere  saturated  with  CO2,  so  that  decomposition 
of  the  bicarbonate  is  prevented.  The  vapours  leaving  the 
apparatus  are  conveyed  through  a  cooler,  and  finally  through  a 
scrubber,  to  recover  the  ammonia  contained  therein.  Perfectly 
white,  inodorous  bicarbonate  is  obtained  in  this  way. 

Gaskell  (EngL  pat.  11775, 1884)  patented  heating  bicarbonate 
in  an  atmosphere  of  CO^,  to  remove  the  ammonia. 

Jarmay  (Engl.  pat.  23889,  1893)  dried  moist  bicarbonate, 
obtained  according  to  patent  No.  23890  (p.  160),  in  a  long  covered 
tzoughf  with  inlet  and  outlet  valves  for  the  salt  at  opposite  ends, 
and  a  conveying-shaf t  provided  with  paddles.  At  one  end  enters 
^  previously  heated  up  to  95^  C,  which  is  drawn  through  the 
apparatus  by  means  of  a  fan-blast  acting  in  a  vertical  tube  just 
over  the  outlet  valve.  The  bicarbonate  dust  carried  along  by  the 
fim-blast  collects  in  a  chamber,  closed  by  a  dust-bag.    Botii  the 

TOL.  lU.  M 


162  THE  AMMONIA-SODA  PROCESS. 

inlet  and  outlet  yalves  for  the  salt  are  so  constructed  as  to  form  a 
hermetic  seal.  The  drying  air  is  preferably  mixed  with  COs,  and 
may  then  be  brought  to  a  higher  temperature^  which  may  be  done 
by  a  multitubular  apparatus  surrounded  by  steam. 

Wood  (Engl.  pat.  8958, 1888)  makes  the  crude  bicarbonate  into 
a  paste  with  water,  and  places  it  in  a  horizontal  cylinder  provided 
with  safety-valve,  agitator,  steam-coil,  and  a  perforated  pipe 
connected  with  a  blowii^-engine.  The  temperature  is  kept  at 
about  93^  C.  by  the  steam-coil.  Air  is  blown  in,  keeping  the 
pressure  at  2^  to  8^  atmospheres  by  means  of  the  safety-valve, 
and  this  forced  circulation  of  air  and  heating  is  continued  ''  till 
all  oxidizable  substances  are  oxidized  and  all  volatile  impurities 
are  driven  out.''  Now  cold  water  is  made  to  circulate  through 
the  coil,  and  carbonic  acid  is  forced  in,  instead  of  air,  in  order  to 
saturate  the  product  again.  [This  process  appears  to  be  neither 
good  nor  economical.] 

Sodium  Sesquicarbanate. 

This  name,  which  is  not  quite  appropriate,  has  been  given  to  a 
product  manufactured  by  a  process  of  Watts  and  Richards  (Engl, 
pat.  18001, 1886).    It  is  J  carbonate  or  "  urao," 

NaHC08,Na3COa,2H30 

(comp.  Vol*  II.  p.  52),  and  is  obtained  by  allowing  a  solution 
containing  2  mol.  CO3  to  8  atoms  Na  to  crystallize  at  a  tem- 
))erature  not  below  85^  C.  A  solution  of  the  proper  composition 
is  obtained  either  by  heating  sodium  bicarbonate  until  it  has  lost 
^  of  its  COs,  and  dissolving  the  residue  in  hot  water,  or  by  mixing 
a  hot  solution  of  84  parts  NaHCOs  with  106  parts  Na^COj.  The 
clarified  solution  is  allowed  to  cool  slowly,  with  stirring;  the  sesqui- 
carbonate  deposits  in  good  crystals,  which  are  separated  from  the 
mother  liquor  and  dried.  The  product  does  not  effloresce ;  it  is 
easily  soluble  and  well  adapted  for  wool-scouring,  as  flannel  does 
not  shrink  with  it  (Joum.  Soc.  Chem.  Ind.  1887,  p.  700). 

CI.  Winkler  has  obtained  splendid  crystals  of  the  same  product 
from  mother  liquors  in  making  ordinary  soda  crystals  from 
ammonia-soda  (Zeit.  f.  angew.  Chem.  1893,  p.  446;  comp.  p.  100)  • 


SECOND   BOOK. 

VAEIOUS   PROCESSES   OF   THE   ALKALI 

MAOTFACTURE. 


Wx  shall  now  enumerate  the  various  proposals  for  manufacturing 
alkali,  not  arranging  them  according  to  the  chronological  order 
of  the  inventions  or  their  practical  value ;  but  we  shall  now  and 
then,  where  this  is  useful  and  possible^  pronounce  an  opinion  as 
to  their  importance. 

The  subject  will  be  divided  according  to  the  various  substances 
from  which  soda  can  be  extracted,  beginning  with  cryolite,  which 
still  serves  as  the  basis  of  an  actual  manufacture^  to  be  described 
in  detail,  and  then  enumerating  more  or  less  succinctly  the  various 
processes  in  which  sodium  chloride,  sodium  sulphate,  sodium 
nitrate,  and  soda-felspar  are  employed. 
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CHAPTER  X. 

THE  MANUPACTUKE  OF  SODA  FROM  CRYOLITE*. 

The  mineral  cryolite  was  found  for  the  first  time  at  IvitAt^  in 
South  Greenland^  by  a  Danish  whaler^  who  brought  a  piece  of  it 
to  Copenhagen^  without  stating  where  it  came  from.  It  was  first 
described  by  Schumacher^  in  1795^  and  analyzed  by  Abidjaard^ 
more  correctly  by  Klaproth^  who  proved  it  to  contain  soda — the 
first  time  that  this  alkali  had  been  found  in  the  mineral  kingdom 
otherwise  than  as  common  salt.  Further  analyses  by  Yauquelin, 
Berzelius,  and  Deville  completely  established  the  composition  of 
the  mineral.  The  original  occurrence  of  the  mineral  in  Greenland 
was  discovered  by  Giesecke  after  long  seeking  (1806-1813).  Up 
to  1849  it  was  only  found  in  scientific  collections ;  but  in  1849 
Professor  Julius  Thomsen  at  Copenhagen  proved  cryolite  to  be 
easily  decomposable  by  lime  both  in  the  dry  and  in  the  wet  way, 
and  showed  its  applicability  to  the  manufacture  of  soda.  In  1854 
he  obtained  an  exclusive  right  (till  1884)  of  mining  for*  cryolite 
and  working  it  up  in  Denmark  for  soda  and  alumina ;  this  right 
was  afterwards  sold  to  a  company.  The  first  small  factory  was 
built  in  1857^  at  Copenhagen ;  the  first  large  one^  still  existing,  at 

*  The  most  complete  description  of  this  industry  is  that  by  Benzon,  in 
Hofmann*s  '  Bericht,'  1875,  i.  p.  660.  Other,  but  partly  antiquated,  sources 
which  have  been  consulted  are  : — ^Wagner's  '  Begesten,'  p.  67,  and  '  Jahies- 
berichte '  for  1862  and  1868 ;  Enapp's  *  Chenusche  Technologie,'  drd  ed.  i.  2, 
p.  471 ;  Wurtz,  '  Dictionnaire  de  Chimie,'  ii.  p.  1657 ;  E.  Kopp, '  Schweizer 
Ausstellungs-Bericht,'  1873,  iii.  p.  20 ;  Goldschmiedt,  <  Oesterr.  Bericht,'  1877, 
yii.  p.  12 ;  the  English  patent-specifications,  and  my  personal  observations  at 
the  old  cryolite-soda  works  at  Golschmieden  near  Breslau.  In  1890  I  also 
-visited  the  Natrona  Works  near  Pittsburg ;  but  neither  that  visit  nor  the  de- 
scription pubUshed  by  the  Pennsylvania  Salt-manufacturing  Co.  during  the 
Chicago  Exhibition  in  1898  has  added  anything  new  to  the  above. 
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Oeresund  near  Copenhagen.  In  1861  and  later  on,  factories  were 
-erected  at  Harbnrg,  Mannheim,  Prague,  Gk>ldschmieden  near 
Breslau,  and  Warsaw.  All  the  latter  works  have  had  to  discon- 
tinue the  use  of  cryolite,  since  the  Pennsylvania  Salt-manufac- 
turing Company  at  Natrona  near  Pittsburg,  in  1865,  obtained  a 
right  to  two-thirds  of  all  the  cryolite  produced  {in  maximo  6000  tons 
per  annum)  up  to  1884.  In  1855  H.  Bose  proposed  this  mineral 
for  the  manufacture  of  aluminium. 

On  the  whole,  from  1856  (when  first  whole  cargoes  were  shipped) 
to  1873,  68,000  tons  of  cryolite  were  obtained;  since  1865,  about 
«6000  or  7000  tons  per  annum. 

AU  cryolite  comes  from  IvitfLt,  from  a  valley  on  the  south  side 
of  Arsuk  Bay,  where  summer  lasts  three  months.  Some  of  the 
mineral  is  found  below  low-water  mark,  but  in  a  more  impure  state. 
On  the  mainland  there  is  a  bed  of  30,000  square  feet  of  white 
cryolite  lying  above  impure  mineral.  Any  mineral,  containing 
more  than  20  per  cent,  impurities  is  rejected.  The  purest  is 
10  feet  below  the  surface ;  below  15  feet  it  becomes  very  dark, 
and  at  last  almost  black;  but  on  igniting  the  latter,  it  also  becomes 
white.  The  impurities  are  galena,  copper-pyrites,  spathic  iron- 
ore,  fluor-spar,  and  lime-spar ;  the  surface  is  covered  with  day  and 
4and.  The  working  takes  place  chiefly  from  April  to  the  end  of 
December,  and  to  a  certain  extent  even  during  the  remaining 
months. 

Pure  cryolite  is  a  semitransparent,  snow-white,  glassy  mineral ; 
in  the  impure  state  it  is  yellow  or  reddish.  Its  specific  gravity  is 
2'953,  its  hardness  2*5  to  3.  The  crystals  are  very  indistinct ; 
but  the  mass  has  a  good  cleavage  along  the  faces  of  a  square  or 
oblong  prism.  It  is  easily  fusible,  and  in  a  glass  tube  shows  the 
reaction  of  fluorine.  It  is  incompletely  soluble  in  hydrochloric 
add,  completely  in  concentrated  sulphuric  add,  and  is  also  decom* 
posed  by  lime.  Its  chemical  formula  is  AlsF|,6NaF;  in  the 
pure  state  it  would  contain :— > 

Aluminium  13*07,  corresponding  to  alumina 24*54 

Sodium        38*35  „  soda  (Na^O)   44*79 

Fluorine       53*58  „  hydrofluoric  add. .  56*44 


10000 
JPor  working  up  cryolite  into  soda  and  alumina  many  processes 


166  MANUFACTURE*  OF  SODA  FBOM  CBYOLITE. 

have  been  proposed^  only  one  of  which  is  carried  out  in  practice, 
viz.  the  dry  treatment  with  calcium  carbonate :  this  will  be  de- 
scribed more  fully  now ;  and  the  others  will  be  briefly  mentioned 
afterwards. 

The  present  process  was  discovered  by  Thomsen  in  1850 ;  he  wa» 
undoubtedly  the  originator  of  the  entire  industry  (Dingler's  Journal, 
clxvi.  p.  441) ;  and  all  other  works  have  been  laid  out  after  his 
plan.  The  process  is  founded  upon  the  fact  that,  on  igniting  cry- 
olite with  calcium  carbonate,  carbonic  acid  escapes,  and  calcium 
fluoride  and  sodium  aiuminate  remain  behind : 

AlaFe,  6  NaF  +  6  CaCOj = Al,Og,  3  Na^O  +  6  CaF,  +  6  CO,. 

Both  the  cryolite  and  chalk  are  finely  ground  by  edge-rollers.  To 
100  cryolite  150  chalk  is  employed,  instead  of  127  as  required  by 
the  formula ;  the  excess  of  chalk  makes  the  mass  more  porous  and 
less  fusible.  In  spite  of  the  finest  grinding  and  mixing  of  the 
materials,  a  portion  of  the  cryolite  inevitably  becomes  surrounded 
by  the  sodium  aiuminate  formed,  by  which  its  decomposition  is- 
prevented.  Later  on  Hagemann  and  Jorgensen  succeeded  in 
avoiding"  this  drawback  by  adding  to  the  mixture  some  of  the 
impure  calcium  fluoride  obtained  in  the  process  itself.  This  causes 
more  consumption  of  fuel,  and  requires  twice  the  number  of  fur«- 
naces,  but  increases  the  yield  from  12  or  13  per  cent,  alumina  and 
60  alkali  to  18  per  cent,  alumina  and  68  or  70  alkali. 

A  proper  temperature  is  of  great  importance  for  this  process.. 
The  decomposition  begins  below  a  red  heat ;  but  in  practice  the 
latter  must  be  attained  in  order  to  complete  it.  The  melting-point, 
of  the  mixture  is  not  very  much  higher  ;  so  that  there  is  only  a 
short  range  between  the  two.  The  mass,  being  a  bad  conductor  of 
heat,  must  be  in  a  thin  layer.  If  it  gets  to  the  melting-point,, 
much  cryolite  is  protected  from  decomposition,  and  the  lumps 
formed  are  very  difficult  to  lixiviate.  Hence  ordinary  reverbe* 
ratory  furnaces  are  not  applicable,  because  in  these  the  heat  is  toa 
unequal,  and  one  portion  of  the  mixture  would  be  fluxed  before 
the  other  was-  decomposed.  [Mechanical  furnaces  like  those 
employed^in*  blacK-ash  and  saltcake  making  and  carbonating 
would  no  doubt  do  the  work  most  completely.]  The  furnace 
constructed  by  Thomsen,  which  avoids  the  above-mentioned  draw-* 
back,  has  the  shape  shown  in  figs.  82  to  85.  The  furnace-bed,  C,. 
is  made  of  fireclay  lumps  18  inches  square  and  3  inches  thick  ;. 
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they  rest  upon  9x9  inch  pillars  13  inches  high,  bo  placed  that  the 
flame  of  the  firepUce  A  is  aniformly  divided  below  the  bed.  Round 
the  sides  the  lumps  rest  on  2-inch  projections  of  the  walls.  The 
lower  flue  BE,  which  is  conseqnently  as  wide  as  the  whole  bed,  and 
12  inches  high,  at  E  joins  into  the  second  fireplace,  B ;  hen,  below 
the  fire-bridge  Hj  the  lower  level  rises  ap  so  that  the  fine  is  only 
5  to  6  inches  high.    The  united  flame  of  both  fires  now  travels  over 
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the  bed  towards  Uie  snore-holes  1 1^  and  through  these  into  the 
fine  K.  The  latter  communicatesj  Ist^  with  the  flue  L^  which  joins 
the  main  flue  N,  hut  it  can  be  cut  off  by  the  damper  O ;  2nd,  with 
the  opening  m,  which  admits  the  flame  into  the  space  P  between 
the  arch  and  the  pans  F.  The  draught  is  then  continued  by  the 
snore^holes  Q  Q  Q  into  the  horizontal  flue  "R,  leading  into  the 
main  flue  past  the  damper  S.  When  the  damper  T  is  shut,  and  O 
opened,  the  flame  passes  from  the  furnace  directly  into  the  main  flue, 
without  heating  the  pans ;  but  when  O  is  shut  and  T  opened,  the 
draught  passes  beneath  the  pans.  The  two  fire-grates  are  of  equal 
fiize,  3  feet  long  and  15  inches  broad ;  the  grates  are  composed  of  1;^- 
inch  WTOught-iron  bars ;  the  stoke-holes  U  and  Y  are  closed  widi 
fireclay  slabs.  The  front  wall  of  the  fireplace  W,  18  inches  thick,  is 
independent  of  the  side  walls  and  is  carried  on  iron  girders  y  and  z, 
and  doeed  by  an  arch  X.  By  this  arrangement  it  can  be  easily 
renewed  without  disturbing  the  other  brickwork.  The  bridge  H 
is  cooled  by  an  air-channel  S,  which  has  small  openings  at  the 
side  of  the  fireplace  B.  The  side  walls  b  b  must  have  very  secure 
foundations.  The  arch  is  9  inches  thick ;  the  joints  of  the  bricks 
run  parallel  with  the  long  side  of  the  furnace.  The  furnace  is  cased 
in  metal  plates  8x2  feet,  bound  together  by  uprights  and  tie-rods ; 
that  nearest  the  fiame  from  m  is  protected  by  an  iron  or  earthen- 
ware pipe.  Cleaning-holes  are  provided  for  the  fines  E,  B  and  the 
space  below  the  bed  between  the  pillars.  The  hopper  e  serves  for 
charging  the  furnace.  The  furnace-bed  has  an  area  of  about  100 
square  feet ;  it  is  13  feet  long  and  8  feet  wide.  It  is  charged  every 
two  hours  with  10  cwt.  of  mixture,  daily  with  6  tons  of  mixture, 
corresponding  to  i\  tons  cryolite.  [This  is  not  the  mixture  contain- 
ing calcinm  fluoride.]  The  fuel  consumed  amounts  to  about  16  cwt. 
eoals  per  diem,  which  also  suffices  for  the  evaporation  of  the  soda- 
liquors  to  the  crystallizing-point,  and  ultimately  for  drying  the 
limestone  on  a  metal  plate.  In  this  furnace  the  mass  becomes 
red-hot  all  through,  but  no  portion  of  it  melts ;  so  that  it  can  be 
•easily  lixiviated.  According  to  Thomsen,  the  decomposition  of 
the  cryolite  is  so  nearly  complete  that  from  100  parts  of  pure 
mineral  197  parts  of  crystal  soda  are  obtained,  the  theoretical 
yield  being  204  parts.  [This  statement,  which  is  made  for  working 
without  calcium  fluoride,  is  directly  contradicted  by  the  above- 
quoted  statements  of  Hagemann  and  Joi^ensen;  according  to 
3bg  (Wagner's  Jahresb.  1862,  p.  285),  from  100  cryolite  175  soda 
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crystal  JEure  obtained^  with  a  consumption  of  37*5  coals.]  If  any 
lumps  have  been  formed  in  spite  of  proper  working  in  the  furnace^ 
they  must  be  separated  from  the  fine  powder  by  riddling^  and  put 
back  into  the  furnace  with  the  next  charge. 

At  Natrona  50  parts  of  finely  ground  and  sifted  cryolite  are 
mixed  with  10  parts  of  limestone  and  40  of  quicklime,  and  the 
mixture  is  ignited  in  16  Thomsen  furnaces,  built  back  to  back» 
Each  charge  amounts  to  9^  cwt.,  and  after  igniting  weighs  8}  cwt.f 
six  chaises  are  made  per  day  [of  12  hours].  The  mass  is  kept  at 
a  red  heat  for  two  hours,  then  drawn  out  and  cooled  on  brick  floors 
and  sent  to  the  lixiyiating-apparatus. 

The  charge  drawn  out  of  the  furnace  is  put  while  still  hot  into- 
the  lixiviating-tanks,  made  of  wood,  tapering  below  and  provided 
with  a  perforated  false  bottom.  The  lixiviation  is  commenced  with 
dilute  liquors  and  mother  liquors  from  former  operations.  The 
heat  of  the  mass  itself  raises  the  temperature  of  the  liquid ;  at  last 
hot  water  is  employed.  The  strong  liquor  shows  60^  Tw. ;  the 
weaker  liquor  is  employed  for  the  next  operation.  At  Natrona 
iron  tanks  (9x5x3^  feet)  are  used,  and  a  liquor  of  48^  Tw.  is- 
obtained  by  using  hot  water  containing  sodium  aluminate  with  & 
little  carbonate  and  caustic ;  the  lixiviation  is  finished  with  cold 
water^  by  which  weak  liquors  are  obtained.  Sodium  aluminate  is- 
dissolved  out  and  pumped  into  the  apparatus  for  treating  it  with 
carbonic  acid;  the  residue,  of  a  reddish  colour,  is  principally 
calcium  fluoride  (formed  in  the  operation),  mixed  with  calcium 
carbonate,  undecomposed  cryolite,  a  little  ferric  oxide,  and  a  little 
sodium  aluminate.  Its  composition,  according  to  Hagemann,  is 
the  following  [but  evidently  the  waste  was  examined  after  having 
been  acted  upon  by  the  carbonic  acid  of  the  air]  : — 

percent. 

Calcium  fluoride  62-01 

„        carbonate    11-89 

„        oxide  5'62 

Potassium  carbonate    0*37 

Sodium            „        8*94 

Magnesia  0*93 

Silica... 8-78 

Ferric  oxide  5*00 

Alumina    5*00 

Moisture    1*45 
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At  first  this  waste  was  only  used  for  mending  roads ;  but  it  is- 
now  considerably  employed,  partly  for  new  mixtures  (from  which 
it  is  of  course  always  recovered  again),  partly  for  bottle-glass  :  it 
makes  the  glass-mixture  more  easily  fusible,  permits  a  larger  addi- 
tion of  lime,  and  thus  yields  stronger  glass.  Unfortunately  the 
siliciam  fluoride  acts  too  much  upon  the  furnace-materials;  so- 
that  no  more  than  from  6  to  9  per  cent,  of  the  calcium-fluoride 
waste  is  put  into  the  mixture.  The  glass  retains  1*75  to  2*75  F;. 
1  per  cent,  of  the  fluorine  volatilizes  in  the  furnaces.  The  same 
waste  furnishes  a  bluish-white  enamel  on  stoneware  and  majolica^ 
It  is  also  used  as  a  flux  for  metallurgical  purposes,  and  as  an  ad- 
mixture to  fireclay  for  fire-bricks ;  these  bricks  are  very  hard,  and 
resist  the  moisture  very  well. 

The  solution  of  sodium  alunUnate,  which  is  brown,  but  free  fron^ 
iron  and  strongly  alkaline,  is  sometimes  boiled  down  to  dryness 
and  sold.  There  is,  however,  but  very  little  sale  for  it ;  endeavours- 
to  introduce  it  into  glass-making,  calico-printing,  &c.  have  failed. 
The  liquor  is  therefore  generally  decomposed  by  forcing  in  carbonia 
acid,  in  closed  horizontal  boilers  with  agitators,  5  feet  diam.  and 
60  feet  long;  and  thus  a  precipitate  of  hydrated  alumina  (containing 
some  soda)  and  a  solution  of  sodium  carbonate  are  obtained.  The 
formula  usually  given  is 

A1,0„  8Na,0 + SCO, + SHjO = Al,  (OH) « -f-  SNa^CO,. 

This,  however,  is  not  correct;  for  a  real  compound  of  45  percent. 
alumina,  20  per  cent,  sodium  carbonate,  and  35  per  cent,  water  is- 
precipitated  in  a  finely  granular  readily  settling  state.  The  preci- 
pitate can  be  almost  entirely  deprived  of  soda  by  long  washing  with 
boiling  water;  but  this  makes  the  alumina  gelatinous  and  difScult 
to  treat.  When  it  has  been  washed  down  to  2  per  cent,  soda, 
it  is  dried  on  a  brick  floor  by  means  of  steam-pipes  which  are 
soon  protected  against  rusting  by  a  coat  of  dry  alumina,  thus 
also  protecting  the  bulk  of  the  alumina  against  contaminatioA  with 
iron.  If  alumina  is  to  be  sold  as  such,  it  must  be  washed  down 
as  well  as  possible ;  otherwise,  if  sulphate  is  to  be  made  from  it,. 
it  is  merely  separated  from  the  adhering  liquor  by  centrifuging  or 
by  a  vacuum*filter  and  at  once  mixed  with  dilute  sulphuric  acid,  ia 
which  it  dissolves  readily,  especially  when  heated  to  110^  C.  The 
solution  of  aluminium  sulphate  is  boiled  down  in  copper  pans  to 
the  consistency  of  treacle,  and  poured  into  moulds,  in  which  it 
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solidifies  into  porcelain-like  slabs^  which  are  sold  as  concentrated 
nlum.  The  alumina  in  it  varies  from  12  to  20  per  cent. ;  the  latter 
strength  can  only  be  obtained  from  cryolite.  The  usual  formula 
Al2(S04)j+18H20  requires  15*31  per  cent.  AlsOg*  According  to 
the  mode  of  manufacture,  both  the  alumina  and  the  aluminium 
sulphate  are  almost  entirely  free  from  iron ;  and  the  latter  is  also 
easily  obtainable  free  from  an  excess  of  acid.  The  strongest  (20 
per  cent.)  aluminium  sulphate  can  be  obtained  in  a  porous  form^ 
greatly  assisting  its  solubility,  by  stirring  among  the  mass  cast 
into  the  moulds,  just  before  solidifying,  a  little  sodium  bicarbo- 
nate, from  which  CO3  escapes  at  this  temperature  and  causes  the 
tough  cake  to  be  honeycombed  by  innumerable  bubbles,  like  fer- 
menting dough.  This  '^  Natrona  porous  alum  cake  '^  is  much  in 
favour  with  American  consumers. 

The  sodium  aluminate  may  also  be  converted  by  Loewig's  process 
into  caustic  soda  and  '^  colloidal ''  alumina. 

The  carbonic  add  is  always  employed  in  the  shape  of  lime-kiln 
gas,  purified  from  dust  by  a  long  string  of  pipes  and  by  scrubbing 
in  coke-towers.  The  lime-kiln  serving  for  this  purpose  at 
Goldschmieden  is  illustrated  and  described  in  the  first  edition, 
vol.  iii.  pp.  61  to  64;  but  it  is  much  more  to  the  purpose  to  refer 
to  the  more  modem  kilns,  described  in  connection  with  the 
emmonia-soda  process  in  this  volume  p.  87  et  seq. 

With  a  proper  arrangement  of  the  lixiviation  the  hot  solution 
of  sodium  carbonate  separated  from  the  precipitated  alumina  is 
concentrated  enough  to  crystallize  on  cooling ;  sometimes  it  must 
be  first  evaporated  in  pans  on  the  top  of  the  cryolite-furnace.  At 
Natrona  it  is  boiled  down  to  60°  Tw.,  and  in  winter  run  into  the 
coolers  to  crystallize,  but  in  summer  into  enormous  reservoirs^ 
holding  up  to  1000  tons  of  soda,  made  of  cast-iron  plates,  where 
it  remains  through  the  winter.  In  spring  the  mother  liquid  is 
pumped  out  and  the  crystals  dug  out  with  ordinary  mining- 
tools.  The  mother  liquor  can  always  be  used  again  in  the 
process,  as  it  contains  very  little  impurities.  The  crystal  soda 
from  cryolite  is  extremely  pure ;  it  contains  at  most  ^  per  cent, 
of  sodium  sulphate,  and  it  was  usually  assimilated  to  the 
common  English  soda  by  adding  a  little  sulphate,  to  obtain 
harder  crystals  (p.  99).  By  treating  it  with  quicklime^  caustic 
of  75   per  cent.   Na^O   can  be  made  from  it.     Some  calcined 
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cryolite-soda  analyzed  by  Tissandier  (Monit.  Scient.  1868^  p.  909) 
contained  :*^ 

Moisture    206  828  4'61  089 

Sodium  carbonate...     88*97        95*20        91*68        93*22 

The  Pennsylrania  Salt-manufacturing  Company  consumes^ 
annually  6000  tons  of  cryolite. 

Treatment  of  Cryolite  with  Lime  in  the  wet  way, — This  process^ 
already  indicated  by  Thomsen,  was  subsequently  patented  in 
England  by  Spilsbury  (June  19th,  1856),  who,  however,  never 
carried  it  out.  In  the  same  year  Tissier  (Wagner's  Jahresb.  1857, 
p.  895)  took  it  up ;  but  he  could  only  decompose  one  third  of  the 
cryolite  in  this  way.  Sauerwein  proved  (ib.  1862,  p.  299)  that 
complete  decomposition  can  be  attained  by  employing  6  molecules 
of  lime  (=836  parts)  to  one  molecule  of  cryolite  (=447  parts).- 
The  same  has  been  found  by  Hahn  (Hof mann's  '  Bericht,'  1875,  i. 
p.  638),  who  gives  some  special  prescriptions  for  the  process,  as 
well  as  Sauerwein.  The  latter  worked  in  a  complicated  manner, 
which  is  of  little  interest  now,  as  it  has  not  stood  the  test  of  prac- 
tical experience. 

Wagner  (his  Jahresb.  1868,  p.  843)  proposed  decomposing 
cryolite  by  baryta;  but  this  is  far  too  expensive  to  have  any 
prospect  of  realization. 

Schuch  (Ann.  Ghem.  Pharm.  cxxvii.  p.  61)  proposed  boiling 
ciyolite  with  caustic-soda  liquor,  by  which  it  is  dissolved  with 
formation  of  sodium  aluminate  and  sodium  fluoride.  This  never 
has  been  and  is  not  likely  to  be  carried  out  in  practice. 

Bauer  (Germ.  pat.  54824)  proposed  decomposing  cryolite  by 
boiling  with  its  own  weight  of  calcium  carbonate,  with  1  per  cent. 
soda  and  80  to  40  parts  of  water. 

Lauterbom  (Germ.  pat.  14495)  decomposes  cryolite  by  boiling 
with  water  alone;  sodium  fluoride  is  dissolved  and  aluminium 
fluoride  remains  behind,  in  a  state  fit  for  the  manufacture  of 
alumina. 

Persoz  (Ann.  Chim.  Phys.  May  1859,  p.  109)  proposed  the 
decomposition  of  cryolite  by  sulphuric  acid^  which  was  actually 
tried  at  Copenhagen,  but  given  up  again.  To  1  molecule  of 
cryolite^  3=476  parts,  6  molecules  of  sulphuric  acid,  =558  parts,. 
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are  required^  or  642  parts  of  ordinary  strong  vitriol^  dilated  with 
water.  The  products  are  alominimn  sulphate^  sodium  sulphate, 
and  hydrofluoric  acid : 

Al,P«,6NaP+6SO4H2=Al3(SO0»+8Ni^SO4+12HP. 

The  great  expense  of  yitriol,  the  erolution  of  HF,  the  difficulty 
•of  separating  the  sulphates  of  aluminium  and  sodium^  and  the 
ismall  value  of  the  latter^  make  this  process  altogether  worthless. 
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CHAPTER  XI. 

THE  MANUFACTURE  OF  SODA  DIBECTLT  FROM 

SODIUM  CHLORIDE. 

By  Electrolysis. 
This  subject  ia  treated  in  the  fourth  book  of  this  Tolume. 

By  Steam. 

Sheridan  (No.  7426^  1887)  patented  the  decomposition  of 
common  salt  in  the  state  of  vapour  by  steam  ''or  hydrogen'^  at  a 
bright  red-heat.  He  figures  an  apparatus  consisting  of  two 
<x)nical  furnaces ;  the  inner  one  serves  for  receiving  the  salt  and 
introducing  the  steam^  the  outer  one  for  forming  and  removing 
the  alkali  and  the  vapour  of  HCl. 

Swinburne  (No.  8134^  1862)  patented  the  same  thing;  and  so 
did  Gillard  (No.  1790,  1861,  and  No.  1914.  1865) ;  steam  of 
lOOOP  C.  was  to  be  employed,  and  introduced  into  the  melted  salt 
through  platinum  tubes. 

Powers  and  Dale  (patent  No.  91, 1868)  propose  the  same,  but 
hope  to  assist  the  decomposition  by  adding  oxide  of  iron,  alumi- 
nium,  or  manganese. 

Henry  (for  Laurent)  obtained  provisional  protection.  No.  8840, 
1865,  for  decomposing  melted  sodium  chloride  by  superheated 
steam. 

Weldon,  No.  2768,  1866,  patented  the  same,  along  with  the 
decomposition  of  sodium  fluoride  or  nitrate  by  steam,  indicating 
special  heating-appliances. 

Cabot  (Chem.  News,  zxxi.  p.  248)  describes  laboratory  experi- 
ments on  decomposing  common  salt  by  superheated  steam;  he 
obtained  hydrochloric  acid  and  alkaline  ashes.  Evidently  the 
itaction  2  NaCl  +  HsO =Na,0 + 2  HCl  had  taken  place ;  but  *'  of 
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course  the  yield  was  no  approach  to  the  theoretical  one,  and  it 
could  not  be  applied  as  a  technical  process.'^ 

Similar  experiments  were  made  by  Yiedt  (Wagner's  Jahresb* 
1875,  p.  383)  without  any  practical  result;  but  he  did  not 
abandon  all  hope  of  final  success. 

The  action  of  steam  comes  into  play  in  an  ''invention''  by 
Sir  Francis  Bolton  (pat.  No.  14866,  1884),  according  to  which 
caustic  soda  and  hydrochloric  acid  are  to  be  made  from  common 
salt  by  mixing  it  with  barium  or  strontium  sulphate,  and  heating 
in  an  atmosphere  of  steam.  HCl  escapes ;  the  residue  is  stated  to 
consist  of  '^  a  mixture  of  sodium  or  barium  (or  strontium),  with  an 
equivalent  of  oxygen  and  an  equivalent  of  SO4,  together  with 
undecomposed  salt  and  earthy  sulphate."  On  lixiviating  caustic 
soda  is  obtained,  and  a  residue  of  barium  (or  strontium)  sulphate, 
which  can  be  used  over  again. 

Spring  (Ber.  d.  deutsch.  chem.  6es.  1885,  p.  345)  makes  the 
following  statements  as  to  the  behaviour  of  steam  towards  a  mixture 
of  10  molecules  NaCl  with  1  molecule  NaOH :— At  140°  C. :  no 
action.  At  245° :  a  short  evolution  of  HCl.  At  850°  to  410° : 
slow  evolution,  soon  ceasing.  At  500°  :  steady  evolution  of  HCl. 
During  a  treatment,  for  one  hour  and  a  half,  of  NaCl  with  steam 
(probably  at  500°)  6  per  cent,  was  converted  into  NaOH ;  by  12 
hours'  treatment,  and  several  times  grinding  up,  12  per  cent.  A 
mixture  of  NaOH  with  up  to  6  mol.  NaCl  evolves  no  HCl  what- 
ever on  fusion;  up  to  6  NaCl  there  is  a  slight,  at  10  NaCl  a  very 
distinct  evolution  of  HCl. 

We  have  seen  (Vol.  II.  p.  476)  that  the  decomposition  of  sodium 
chloride  by  water  is  a  strongly  endothermic  reaction,  which,  even 
with  strongly  overheated  steam,  can  be  effected  only  to  a  very 
limited  extent.  It  is  not  impossible  that  at  extremely  high  tem- 
peratu;res,  such  as  may  be  attained  by  burning  hydrogen,  perhaps 
also  by  burning  water-gas,  or  by  electricity — in  the  former  case 
by  the  action  of  the  highly-heated  steam  in  the  nascent  state — 
sodium  chloride  may  be  decomposed  in  a  more  complete  way,  and 
I  expressed  this  opinion  years  ago  before  professional  men. 

Mills  (Engl.  pat.  4661,  1891)  states  that  he  is  able  to  utilize 
U}ater-^a»  in  a  different  manner;  If  water-gas  is  passed  through 
sodium  chloride,  kept  in  fusion  in  a  converter,  sodium  oxide, 
carbon,  and  hydrogen  chloride  are  formed : 

2NaCl+H3+CO=Na,0  +  C  +  2HCl. 
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The  residue  of  sodium  oxide  aud  carbon  is  utilized  either  for 
preparing  metallic  sodium  by  further  ignition,  or  for  preparing 
anhydrous  sodium  oxide  by  burniog  the  carbon,  or  for  manu- 
facturing caustic  soda  by  treatment  with  water.  [I  cannot  under- 
stand how  the  sodium  chloride  is  to  be  kept  in  the  state  of  fusion 
in  the  converter,  and  where  the  large  amoimt  of  heat  necessary 
for  the  reaction  is  to  come  from.] 

By  Oxygen, 

Martin  (French  pat.  231895,  1893)  prescribes  decomposing 
sodium  chloride  by  oxygen  in  the  ^' dissociated '^  state.  He 
employs  a  furnace  with  five  wrought-iron  or  fire-clay  retorts, 
with  an  outside  coating  of  magnesite.  Within  these  cylinders 
there  is  a  porous  cylinder  made  of  magnesia,  leaving  an  annular 
space  round  the  sides  of  the  retort.  In  this  space  the  NaCl  is 
volatilized  at  a  red  heat,  and  the  vapour  is  exposed  to  oxygen  or 
to  air  free  from  carbonic  acid.  Chlorine  is  evolved,  and  soda  is 
left  behind  in  the  retort.     pSvidently  quite  impossible.] 

By  Potash. 

Bergmann  seems  to  have  been  the  first  who  proved  that  a  solu- 
tion of  common  salt  can  be  decomposed  by  potash,  and  who  found 
that,  on  evaporating  a  mixed  solution,  first  a  crop  of  potassium 
chloride  and  then  one  of  sodium  carbonate  are  obtained.     The 
first  explicit  description  of  this  process  was  given  by  the  Court- 
apothecary   Meyer   at  Stettin,   in   1784.     The  same  plan   was 
recommended  by  Samuel  Hahnemann,  Wiegleb  and  Westrumb, 
Kastelleyn  and  Bemler  (Wagner's'  Begesten,'  p.  16).    In  England 
Losh  manufactured  soda  at  Walker-on-Tyne  from  1802  to  1815, 
according  to  Lord  Dundonald's  patent  of  1796,  in  this  way : — 
Equal  parts  by  weight  of  Russian  potash,  at  dS40  per  ton,  and 
common  salt  were  dried  in  a  furnace,  mixed  with  slaked  lime  and 
small  coal  and  melted  in  a  reverberatory  furnace.    The  product 
was   lixiviated  and  boiled   down  until,  on  cooling,  a  crop  of 
potassium  chloride  could  be  obtained.    After  a  second  crop  of  the 
same  had  been  separated,  the  mother  liquor  was  evaporated  to 
dryness^  the  residue  ignited  and  dissolved  for  making  soda  crystals. 
From  40  cwt.  of  a  mixture  of  salt  and  potash  20  cwt.  of  potassium 
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chloride  and  20  cwt.  of  ''  British  ash ''  were  obtained^  or,  instead 
of  the  latter,  30  to  40  cwt.  of  crystal  soda.  The  ''  British  ash " 
was  sold  at  from  £16  to  £20  per  ton,  the  crystal  soda  as  ^'potash- 
soda.''  The  crystallization  took  place  in  small  shallow  lead  vessels, 
only  during  the  winter  months. 

To  this  category  also  belongs  the  process  of  Bischof  (Dingl. 
Joum.  iv,  p.  380),  who  tried  to  make  sodium  bicarbonate  by 
passing  carbonic  acid  gas  into  an  aqueous  solution  of  equal  parts 
of  potash  and  common  salt :  sodium  bicarbonate  was  sepai*ated ; 
and  potassium  chloride  remained  in  the  mother  liquor. 

It  is  hardly  necessary  to  mention  that  with  the  present  relation 
of  the  prices  of  potash  and  soda  such  processes  are  entirely  out  of 
the  question. 

Weldon  (Engl.  pat.  980,  1881)  proposed  precipitating  sodium 
bicarbonate  from  a  mixed  solution  of  NaCl  and  EsCOs  by  means 
of  CO3.  The  ECl  remaining  in  the  mother  liquor  was  to  be 
treated  with  MgO  or  MgCOs  ^^^  (^^2;  potassium  magnesium 
carbonate  is  precipitated^  which  is  decomposed  by  boiling  with 
water  into  MgCOj  and  EjCOs  {vide  p.  181). 


By  Lime.     (Wagner's  '  Regesten,'  p.  16.) 

Scheele,  in  1773,  noticed  that  from  a  damp  mixture  of  common 
salt  and  lime  soda  efQoresces  in  the  air  after  several  weeks'  time. 
Probably  independently  of  Scheele,  this  observation  was  also  made 
by  the  French  chemists  Proust,  Pelletier,  and  Deyeux.  On  the 
strength  of  the  latter,  Guyton-Morveaux  and  Carny,  in  1782,  ob- 
tained a  French  patent  for  soda-making  which  was  actually  worked 
for  some  time,  but  with  little  success,  at  Croisic  in  Picardy. 

From  a  solution  of  common  salt  a  solution  of  calcium  bicar- 
bonate precipitates  sodium  bicarbonate.  Apparently  this  reaction 
explains  the  formation  of  soda  efflorescences  in  soUs  containing 
common  salt. 

By  Lead  Oxide, 

In  1773,  Scheele  noticed  that  common  salt  is  decomposed  by 
lithai^e.  A  solution  pf  common  salt,  filtered  through  a  layer  of 
litharge,  became  caustic,  and  in  the  air  yielded  carbonate.  The 
reaction  is  as  follows : 
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Pb-Cl 
2Naa + 2PbO  +  HjO = 2NaOH  +     >  O 

Pb-Cl 

This  observation  was  published  by  Bergman  in  1775.     Kirwan 
reports  that  soda  was  made  in  England  by  this  process  already  in 
1782,  and  the  yellow  residue  (of  lead  oxychloride)  was  employed 
as  a  pigment.     The  latter  was  patented  as  the  principal  thing  in 
1787  by  Turner,  and  has  retained  the  name  of  Turner's  yellow 
ever  since ;  the  caustic  soda  was  only  a  by-product  in  this  case. 
Oottling   (1781)  and  Achard  (1784)  knew  the  process  and  pro- 
nounced against  it.     In  1792  it  was  patented  in  France  in  the 
name  of  Curandau;  and  it  emerges  again  in  1793  in  the  report  of 
the  Comite  du  salut  public  as  the  process  of  Chaptal  and  B€rard, 
who  liad  favourably  judged  of  it.     We  have  already  mentioned 
that  this  was  the  process  first  employed  by  Losh  at  Walker. 
There  50  parts  of  finely  ground  litharge  was  gradually  mixed  with 
12^  parts  of  common  salt  dissolved  in  55  parts  of  water,  always 
leaving  the  mixture  at  rest  for  some  hours,  till  a  white  crust  had 
formed ;  this  was  first  broken  up  and  mixed  with  the  mass  before 
new  brine  was  added.     After  two  or  three  days  the  batch  was 
finished ;    the  caustic   soda  was   lixiviated   with  water  and  the 
yellow  residue  melted  and  sold  as  a  pigment;  or,  as  this  could  not 
always  be  done,  the  lead  was  melted  from  it  again  at  considerable 
loss.    According  to  Clapham  (Chem.  News,  xxi.  p.  148),  by  this 
process,  in  •  the  best  case,  only  5'6  per   cent,  of  the  salt  was 
•decomposed,  which  only  with  the  then  very  high  price  of  salt 
•could  leave  any  margin  of  profit.    The  patent  of  Watt  and  Tebbutt, 
No.  7538^  1838,  quotes  this  process  again,  but  prescribes  boiling 
the  lead  oxide  and  common  salt  together.    A  patent  of  J.  Hunt's 
(No.  8056,  1839),  if  it  has  any  meaning  whatever,  belongs  here. 
According  to  it,  common  salt  was  to  be  ground  up  with  granulated 
metallic  lead  or  zinc.     Anthon,  of  Prague,  pronounced  a  favour- 
able opinion  on  the  litharge  process,  on  the  strength  of  experiments 
•on  the  small  scale.     In  1866  (No.  2077)  Rowbotham  obtained 
provisional  protection  for  the  original  process  of  Scheele ;  but  the 
matter  was  first  taken  up  again  seriously  in  1869,  by  Bachet  (pat« 
No.  939,  1869,  and  No.  2401,  1870),  whose  process  was  tried  in 
1870,  on  a  pretty  large  scale,  at  the  same  Walker  works  which  had 
formerly  belonged  to  Losh.    This  trial,  however,  was  soon  dis^ 
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continued*    The  principal  difference  of  Bachet's  process  from  the* 
preyions  one  consisted  in  his  adding  slaked  lime :  5  cwt.  of  a 
mixture  of  100  litharge^  70  common  salt,  and  50  slaked  lime  was 
ground  in  a  mill  with  a  little  water.     Decomposition  sets  in  at 
once ;  canstic  soda,  lead  chloride,  and  hydrated  lead  oxide  (which,, 
it  is  remarkable,  does  not  act  on  salt)  are  generated ;  but  only  1^ 
to  20  per  cent,  of  the  salt  is  decomposed.     The  white  pasty  mass 
is  strongly  pressed;  and  the  clear  solution  of  caustic  soda  aud< 
common  salt  that  runs  off  is  ground  with  fresh  quantities  of  slaked 
lime  and  lead  oxide.     Thus  gradually  47  to  50  per  cent,  of  the 
salt  can  be  converted  into  caustic  soda.     The  solution  pressed  off' 
at  last  is  filtered  through  a  layer  of  calcium  hydrate  in  order  to- 
deprive  it  of  any  dissolved  lead  compounds,  and  concentrated  by 
evaporation,  during  which  the  greater  part  of  the  NaCl  is  separated 
and  can  be  fished  out.     Caustic  soda  with  70  per  cent.  Na^O' 
could  thus  be  produced.     The  chief  thing,  however,  has  still  to  be 
mentioned,  viz.  the  regeneration  of  the  lead  oxide ;  and  upon  this 
the    process    was    wrecked.      The    cakes    of  PbCl,,  Pb(0H)2r 
unchanged  PbO,  and  Ca(0H)2  remaining  in  the  press  were  first 
heated  to  173®  C.  in  order  to  convert  the  Pb(0H)2  into  PbO ;  and 
the  mass  was  then  introduced  into  boiling  lime-water,  in  which, 
the  PbCls  also  was  transformed  into  PbO ;  the  residue  was  again 
employed  for  decomposing  common  salt.     The  filtrate  could  be- 
almost  entirely  deprived  of  the  lead  which  it  still  contained  by 
cooling  and  crystallizing,  followed  by  addition  of  common  salt- 
But  apart  from  the  fact  that  this  regeneration  could  not  be  carried- 
out  without  a  considerable  loss  of  lead,  the  recovered  lead  oxide 
frequently  proved  much  less  active  than  fresh  litharge — ^probably 
because  much  calcium  and  lead  carbonate  was  formed,  which  not. 
only  are  inactive  towards  common  salt,  but  even  seem  to  interfere 
with  the  action  of  lead  oxide.     After  prolonged  trials^  the  process 
had  to  be  given  up  as  useless  (Chem.  News,  xxi.  p.  148). 

Zinc  oxide  has  been  proposed  for  the  same  object,  but  without 
any  better  success. 

The  litharge  process  was  taken  up  again  by  Knab  (No.  3082^ 
1877).  Common  salt  is  to  be  mixed  with  its  equivalent  of 
litharge  ;  five  times  its  weight  of  water  is  to  be  added,  and  the 
heat  raised  by  means  of  steam  to  TOP  or  8(f  C.  In  a  few  hours 
the  decomposition  is  complete.  The  mass  is  deprived  of  the 
largest  portion  of  its  caustic  soda  by  hydraulic  pressure^  and  the- 
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Temainder  of  the  soda  obtained  by  stirring  up  the  lead  chloride 
with  water  and  repeatedly  pressing  it.  The  PbCls  is  instantane- 
ously decomposed  by  stirring  up  with  its  equivalent  of  ammonium 
carbonate  and  water^  a  solution  of  ammonium  chloride  and  lead 
•carbonate  being  formed.  The  latter  is  sold  as  such^  or  reconverted 
into  PbO  by  ignition^  whilst  the  CO^  given  off^  along  with  the 
I^Hs  evolved  from  the  sal-ammoniac,  again  forms  ammonium 
-carbonate.  In  order  not  to  lose  the  chlorine,  the  ammonium 
•chloride  is  not  decomposed  by  lime,  but  by  manganese  protoxide, 
NH3  and  MnCls  being  formed.  The  latter  by  heating  with  access 
of  air  is  converted  into  Mn203,  CI  becoming  free.  As  the  MusOi 
does  not  decompose  NH^Gl,  it  is  reconverted  into  MnO  by  heating 
with  sulphur,  SOs  being  formed  at  the  same  time.  This  process, 
extremely  complicated  in  its  last  part,  is  founded  upon  reactions 
several  of  which  have  long  been  proved  extremely  incomplete,  and 
consequently  has  no  technical  value  whatever. 

The  Soci^t^  anonyme  Lorraine  industrielle  (Germ.  pat.  23791 ; 
Engl.    pat.  4144,  1882)   separates   the  lead  chloride  from  the 
caustic  soda  by  alcohol,  and  regenerates  metallic  lead  from  the . 
4:hloride  by  white  pig-iron. 

Bomiquitees  (Engl.  pat.  14977,  1888)  fills  two  communicating 
•boilers  two-thirds  full  with  finely  divided  lead.  Into  one  of  these 
he  runs  a  concentrated  solution  of  caustic  soda,  containing  a  little 
sodium  sulphate,  until  the  lead  is  just  covered,  raises  the  tempera- 
tare,  and  injects  air  at  a  pressure  of  three  or  four  atmospheres* 
Then  the  solution  is  forced  over  into  the  second  boiler,  where  the 
process  is  continued,  until  all  the  lead  has  been  converted  into  a 
^solution  of  sodium  plumbite,  NajPbOa.  By  treating  this  with 
NaCl^  he  obtains  a  precipitate  of  PbCIs  and  a  solution  of  NaOH, 
tirioe  as  much  as  had  been  originally  employed.  By  injecting 
«COs  daring  the  treatment  with  NaCl,  NagCOs  can  be  obtained. 
£What  is  to  be  done  with  the  lead  chloride  ?] 

By  Ammonia  and  Carbonic  Acid. 
This  is  the  ammonia-soda  process,  treated  in  Book  I. 

By  Magnesia  and  Carbonic  Acid. 

(Weldon's  patent,  No.  629,  1866.) 
A  mixture  of  common  salt,  cold  water,  and  magnesia  or  magne- 
sium carbonate  is  saturated  with  carbonic  acid  under  pressure  in 
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a  closed  vessel^  with  or  without  agitatioiL  Soluble  magaesiuDi^ 
bicarbonate  is  formed^  which  at  once  decomposes  its  equivalent 
of  NaCl,  MgCl)  being  formed  and  remaining  in  solution,  whilst 
NaHCOt  ^  precipitated*  The  solution  of  MgClf  is  evaporated  to 
dryness,  the  residue  ignited,  the  HCl  driven  off  and  condensed, 
and  the  MgO  recovered  for  use.  The  NaHCOj  is  calcined  so  as 
to  obtain  NasCOs.  Weldon  expected  the  hydrochloric  acid 
generated  to  cover  all  expenses,  and  to  obtain  the  soda  gratis* 
The  reaction  would  be : — 

2NaCl + MgCOj  +  CO,  +  HjO = 2NaHC05  +  MgCl,. 

Wagner  (Jahresb.  1873,  p.  256)  declares  this  process  to  be  the 
most  perfect  of  all  soda-making  processes ;  it  would  be  better  to 
say  ''it  would  be  '^  the  most  perfect,  if  all  the  reactions  went  on 
as  smoothly  as  in  the  equation ;  but  this  is  far  from  being  the 
case.  That  process  is  useless  for  manufacturing  soda,  but  it  has 
been  taken  up  by  Engel  for  manufacturing  potassium  carbonate. 
In  this  connection  Weldon  took  out  anotlier  patent  (No.  980, 
1881),  in  which  he  proposes  to  saturate  a  solution  of  NaCl  and 
K^COf  with  COs,  to  separate  the  solution  of  KCl  from  the  pre- 
cipitated sodium  bicarbonate,  and  to  reconvert  the  KCl  into- 
K,CO,  by  MgO  and  CO,  (p.  178). 

Lanquetin  (Engl.  pat.  3846,  1881)  returns  to  Weldon's  process, 
of  1866,  simply  substituting  dolomite  for  pure  magnesium  car- 
bonate, and  thus  rendering  the  process  even  more  impracticable. 

Carthaus  describes  an  improvement  of  Weldon^s  process  (Germ^ 
pat.  79221).  In  order  to  prevent  the  precipitation  of  basic  mag- 
nesium salts,  it  is  preferable  not  to  treat  the  sodium  chloride  and 
magnesia  at  the  same  time  with  water  and  carbonic  acid  under 
pressure,  but  to  add  NaCl  or  saturated  brine  in  equivalent  pro- 
portion to  a  solution  of  magnesium  bicarbonate,  previously 
finished.  It  is  best  to  add  a  little  ammonium  salt  to  the  sodium 
chloride  and  to  work  with  concentrated  solutions.  The  sodium 
bicarbonate  and  magnesium  chloride  formed  are  treated  in  the 
well-known  manner. 

An  additional  patent  (No.  81103)  prescribes  employing  the 
magnesium  chloride  solution  over  and  over  again,  until  it  is. 
saturated  with  MgCIs,  whereupon  it  is  to  be  worked  up  for  MgO., 
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By  Carbonic  Acid. 

Hugo  Miiller  (Deutsch.  chem.  Ges.  Ber.  iii.  p.  40)  noticed  that 
CO2  is  somewliat  more  soluble  in  water  containing  NaCl  than  in 
pure  water^  a  little  NaCl  being  decomposed  by  CO2  and  HCl  being 
liberated;  the  latter  can  be  proved  by  the  destructive  action  of 
the  HCl  upon  ultramarine. 

As  early  as  1866  Carl  Funck^  as  he  reports  in  the  Chem.  Zeitg. 
1879,  p.  660,  had  proposed  to  manufacture  soda  by  the  action  of 
liquid  COf  on  NaCl,  by  injecting  gaseous  CO9  into  a  saturated 
solution  of  NaCl  below  0^  C.^  under  a  pressure  of  36  atmospheres. 
The  precipitated  sodium  bicarbonate  is  filtered  under  the  same 
high  pressure,  and  from  the  solution  the  CO9  and  HCl  are  suc- 
cessively distilled  off.  [A  criticism  of  this  ''invention''  seems 
uunecessary.] 

Lancaster  (Engl.  pat.  4122,  1879)  injects  steam,  heated  to 
800^  C,  into  limestone,  and  passes  the  mixture  of  COs  and  hydrogen 
which  he  believes  is  formed  thereby  into  fused  sodium  chloride ; 
thus  soda,  chlorine,  and  HCl  are  said  to  be  generated. 

By  Carbon  Monoxide  and  Dioxide. 

Benze  and  Hardtmuth  (Germ.  pat.  73935,  74937,  74976) 
prepare  caustic  alkali  and  chlorine  from  alkaline  chlorides  by 
beating  with  CO  and  CO9.  They  employ  an  iron  cylinder, 
widening  out  below,  with  a  plumbago  lining,  standing  on  a  cast- 
iron  basement.  The  bottom  is  formed  by  a  flat  cone,  resting 
on  the  same  basement,  with  an  edge  reaching  down  into  a  spout 
arranged  below  the  iron  shell.  At  the  centre  of  the  bottom  cone 
enters  the  tuyere  of  a  blowing-engine.  The  top  of  the  furnace 
is  closed  and  provided  with  a  ground-in  charging-door ;  below  this 
there  is  a  pipe  for  taking  away  the  chlorine,  all  lined  with  plum- 
bago. The  lower  third  of  the  apparatus  is  filled  with  charcoal  or 
coke,  the  upper  space  with  a  mixture  of  charcoal  or  coke  and  salt. 
The  coal  is  burnt  by  means  of  the  blast  entering  at  the  bottom ; 
the  sodium  is  converted  into  carbonate  and  the  chlorine  is  set 
free.  The  alkaline  carbonate  formed  collects  in  the  bottom  spout ; 
the  chlorine  escaping  at  the  top  ought  to  have  at  least  a  temperature 
of  600°.  If  lime  is  added  in  this  process  the  reaction  is  repre- 
sented to  be : 

2NaCl  +  H,CaO,  +  CO=Na,CaO,  +  COCl,  +  H,  (I) 
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AccordiDg  to  a  farther  patent  (No.  75272)  a  metal,  or  coal  and  a 
metal,  are  to  be  added  to  the  salt,  in  which  case,  e.  g.y  an  alloy  of 
copper  and  sodium  is  formed,  from  which  copper  and  caustic  soda 
are  obtained  by  lixiviation  with  water : 

2Naa+Cu  +  C0=CuNaj+C0Cl,  (I) 

The  English  patent  of  Duryee  (No.  5457,  1880)  already  mentions 
the  decomposition  of  common  salt  mixed  with  coal-dust  in  a 
reyolying  cylinder  by  means  of  a  hot  blast,  alkali-chlorine  being 
formed. 

By  Coal  and  Sulphuric  Acid. 

W.  Bobinson  (Engl.  pat.  10080,  1885)  mixes  salt,  coal-dust, 
and  sulphuric  acid  iutimately,  heats  the  mixture  in  a  furnace,  and 
treats  the  gaseous  mixture  for  recovering  the  HCl,  SOj,  and  HjS, 
as  well  as  the  solid  residue  ''  according  to  well-known  methods  '* 
for  the  recovery  of  sodium  bicarbonate,  carbonate,  sulphur,  H2S,  &c. 
[Criticism  unnecessary.] 

By  Sulphurous  Add  and  Ammonia. 

Tauber  (Germ.  pat.  43921)  treats  a  saturated  solution  of  sodium 
chloride,  applying  cold,  with  the  necessary  quantity  of  ammonia 
and  sulphurous  acid,  to  form  a  sodium-ammonium  sulphate : 

4NaCl + 4  (NH  J  8S0s= 2Na,S03,  (NH4)  aSjOs + 4NH4CI + 2NH5. 

The  greatest  portion  of  the  double  salt  is  precipitated  and  is 
separated  by  a  centrifugal  machine  from  the  ammonium  chloride. 
It  is  then  heated  to  110°  C. ;  NHj,  SOg,  and  HjO,  are  volatilized 
and  ai*e  again  passed  into  NaCl^  and  neutral  sodium  sulphate 
remains  behind : 

2Na,S08,  (NH^2S03=2Na5S08+2SOj+2NH8. 

The  latter  is  decomposed  by  lime,  calcium  sulphite  being 
obtained  as  a  ''  by-product/* 

By  Phosphoric  Add. 

Delhaye  (Engl.  pat.  4371,  1887)  decomposes  calcium  phosphate 
by  hydrochloric  acid,  adds  to  the  mixture  sulphuric  acid,  filters 
the  solution  from  the  precipitated  calcium  sulphate,  heats  the 
mixed  solution  of  phosphoric  and  hydrochloric  acid  with  NaCl 
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till  all  HCl  baa  escaped,  and  converts  the  monosodium  phosphate 
formed  at  200^  C.  by  boiling  with  lime  into  caustic  soda  and  tri- 
calcium  phosphate  [?] . 

By  Lead  or  Zinc  Pyrophosphate. 

Margueritte,No8. 894, 2700, 1854,  patented  the  following  process. 
NaCl  is  heated  with  lead  or  zinc  pyrophosphate  (Pb2P207  or 
Zn^PsOj).  Sodium  pyrophosphate  is  formed,  which  remains 
behind^  whilst  PbCl2  or  ZnClj  is  volatilized  and  condensed  in 
-chambers.  The  sodium  salt,  dissolved  in  water  and  boiled  with 
lime,  yields  a  solution  of  NaOH  and  a  precipitate  of  CasPsOy. 
The  precipitate  is  again  boiled  with  the  previously  condensed 
metallic  chlorides,  and  yields  a  solution  of  CaClj,  which  is  run 
to  waste,  along  with  a  precipitate  of  lead  or  zinc  pyrophosphate, 
which  is  again  employed  for  decomposing.  The  caustic  soda  can, 
if  required,  be  converted  into  carbonate  by  a  current  of  carbon 
^lioxide  (!). 

By  Sodium  Phosphate. 

Arrott  (patent  No.  2446,  1872)  dissolves  trisodium  phosphate 
(S^VO^  in  water,  and  treats  it  with  COs  or  NaHCOg ;  disodium 
phosphate  (NasHP04)  and  Na2C08  are  formed,  and  separated  by 
fractional  crystallization.  The  NasHP04  is  again  converted  into 
NasP04  by  melting  two  equivalents  with  a  little  more  than  one 
equivalent  of  NaCl.  As  No.  2236,  1873,  Arrott  obtained  pro- 
visional protection  for  a  process  of  making  soda-ash  and  chlorine 
by  igniting  ferric  phosphate  with  common  salt,  with  the  assistance 
of  air  and  steam.  The  HCl  escaping  is  condensed  as  usual;  the 
residue  contains  Fe^Oa  and  sodium  phosphate,  which  is  dissolved 
•out  and  decomposed  by  lime  into  caustic  soda  and  calcium  phos- 
phate ;  the  latter  serves  for  again  producing  ferric  phosphate  with 
the  FesOs  dissolved  in  the  hydrochloric  acid.  [Criticism  of  these 
proposals  seems  quite  unnecessary.] 

By  Sodium  Metaphosphate 
(according  to  Siebel,  Deutsch.  chem.  Ges.  Ber.  viii.  1786). 

Sodium  metaphosphate  is  melted  with  sufficient  NaNOs  in  a 
retort-like  vessel,  so  that  along  with  escaping  nitric  acid,  which  is 
4X>nden8ed  as  usual,  a  basic  salt  is  formed ;  this  is  treated  with  a 
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little  water^  afterwards  with  COs ;  sodium  carboaate  and  phosphate 
are  formed^  dissolved  out^  evaporated  to  77^  Tw. ;  a  concentrated 
solution  of  ammonium  carbonate  is  added,  the  whole  allowed  to 
cool,  and  the  microcosmic  salt,  Na(NU4)HP04,  crystallized  out. 
Thus  about  two- thirds  of  the  soda  remains  in  solution  as  carbonate^ 
along  with  a  little  microcosmic  salt.  COs  is  passed  through  the 
solution,  whereupon  NaHCOg  is  precipitated ;  the  mother  liquor 
is  added  on  dissolving  the  next  bath  of  basic  sodium  phosphate^ 
The  microcosmic  salt  is  pressed  off  and  heated,  the  NHg  volati-^ 
lizing  is  again  worked  up  for  ammonium  carbonate,  and  the 
remaining  metaphosphate  employed  as  above.  The  inventor  of 
this  remarkably  complicated  and  unpractical-looking  proposal  sees- 
no  essential  difficulty  in  it,  except  the  selection  of  a  suitable 
material  for  the  vessels,  as  which  he  proposes  plumbago. 

By  Silica  and  Steam. 

On  melting,  common  salt  does  not  unite,  but  the  latter  melts- 
much  sooner  than  the  former,  lies  as  a  cover  on  the  silica,  and 
evaporates  before  the  latter  can  come  into  action.  Only  iiL 
minimal  quantities  and  quite  superficially  does  combination  take 
place — ^for  instance,  in  the  salt-glazing  of  earthenware ;  but  here 
the  salt  acts  in  the  state  of  vapour,  and  the  reaction  is  probably 
only  made  possible  by  the  aqueous  vapour  existing  in  the  fire* 
gases.  In  order  to  utilize  this  reaction  on  a  large  scale,  steam* 
must  be  applied  to  begin  with.  Already,  in  1809,  Gay-Lussac 
and  Th^nard  founded  upon  this  a  proposal  for  soda-making. 
Blanc  and  Bazille  (No.  8886,  1840)  obtained  an  English  patent 
for  this  process,  which  they  intended  to  carry  out  in  this  way  : — 
280  parts  of  common  salt  and  200  of  sand,  intimately  mixed,  are 
loosely  put  into  horizontal  cast-iron  cylinders,  entirely  surrounded 
by  the  flame,  and  heated  to  a  cherry-red.  Through  the  axis  of 
each  cylinder  passes  a  wide  tube,  perforated  with  many  holes,  for 
introducing  steam ;  at  the  end  of  this  tube  a  wide  porcelain  or 
stoneware  pipe  carries  off  the  vapour  of  NaCl  and  HCL  The  steam, 
must  enter  equably  and  slowly,  so  that  the  temperature  shall  never 
sink  below  a  cherry-red  heat;  in  that  case  the  decomposition  of 
the  mixture  into  neutral  sodium  silicate  and  hydrochloric  acid 
(according  to  the  formula 

2NaCl  +  S  iO, + H^O = NajSiO,  +  2HC1) 
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becomes  easy  and  complete  [?].  The  exit-tabe  for  the  gases  ends 
in  a  vide  chamber  for  depositing  the  volatilized  salt,  which  is  thea 
continued  into  an  apparatus  for  condensing  HCl;  this,  however, 
must  work  at  a  very  low  pressure.  The  neutral  sodium  silicate 
obtained  as  above  is  very  slightly  soluble ;  consequently  it  can  be 
deprived  of  undecomposed  common  salt  by  crushiug  and  washingr 
and  by  melting  with  two-thirds  of  its  weight  of  soda  is  converted 
into  soluble  basic  water  ghus.  The  latter  is  drawn  oat  hot  into- 
cold  water,  dissolved,  and,  by  a  current  of  COj  from  a  lime-kiln, 
decomposed  into  sodium  carbonate  and  gelatinous  silica.  The 
latter  can  be  employed  for  the  manufacture  of  fine  glass.  It  is 
evident  that  this  process  is  useless ;  for  each  100  parts  of  crude 
silicate  60  parts  of  soda-ash  are  sacrificed;  and  afterwards,  on 
washing  the  gelatinous  silica,  undoubtedly  much  soda  is  again  lost, 
— all  this  independently  of  the  difficulties  in  decomposing  the 
salt. 

Fritsche  in  1868  obtained  an  Austrian  patent  for  converting 
common  salt  into  soda  by  means  of  silica  and  steam;  no  particulars 
are  stated  (Wagner's  Jahresb.  1858,  p.  118). 

In  England  the  same  process  has  been  the  subject  of  several 
patents;  the  only  one,  however,  which  in  the  b^inning  promised 
to  become  successful  was  that  of  G-oasage  (No.  2050,  1862).  He 
employed  a  peculiar  apparatus,  sketched  ia  fig.  86 :  a  is  a  tower 

Fig.  86. 


made  of  fire-bricks,  tapering  near  the  bottom  and  then  widened 
oat  again  j  it  is  nearly  filled  with  pieces  of  quartz  or  flints ;  at  tbfr 
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bottom  at  6  a  space  remains  free,  which  communicates  with  the 
flue  c  for  taking  away  the  gases.  More  quartz  can  be  thrown  in 
through  the  opening  d,  which  is  usually  closed.  The  melted 
«odium  silicate  can  flow  away  through  the  opening  e.  In  the  gas- 
generator /coals  are  burnt  with  insufScient  access  of  air,  so  that 
combustible  gases  are  formed;  g,  grate-bars;  h,  slanting  fire- 
plate ;  i,  charging-hopper ;  k  I,  gas-flue ;  n,  pipe  for  introducing 
steam  ;  o,  pipe  for  introducing  air  compressed  by  the  fan-blast /?. 
The  bottom  of  the  flue  /  is  charged  with  salt  through  the  openings 
q  q.  Through  r  more  quartz  can  be  put  in.  By  means  of  the 
generator /and  the  fan -blast  p  a  very  great  heat  can  be  produced 
in  the  tower  a ;  when  this  has  been  attained,  salt  is  put  in  through 
q  q,  which  volatilizes  and,  by  the  assistance  of  steam  from  n,  de- 
composes the  hot  quartz ;  sodium  silicate  is  formed,  together  with 
hydrochloric  acid,  which  escapes  from  c  with  the  residual  gases  and 
is  condensed  [not  very  readily  I].  The  sodium  silicate  is  employed 
for  glass-making  or  as  water  glass ;  or  it  is  decomposed  by  means 
of  CaO  into  NaOH,  or  by  introducing  CO2  into  Na,CO,.  The 
same  apparatus  may  be  charged  with  alumina  instead  of  quartz, 
and  sodium  aluminate  obtained  (see  below) — or  with  clay,  or  clay- 
slate,  or  felspar,  granite,  &c.,  in  which  cases  mixtures  of  sodium 
fiilicate  and  aluminate  are  obtained. 

The  latter  Gossage  probably  never  realized ;  but  he  certainly 
made  sodium  silicate  for  some  time  in  the  manner  described,  and 
exhibited  soda  obtained  from  it  in  Paris  in  1867.  At  what  cost  it 
was  obtained  was  not  stated ;  so  much  is  certain,  that  the  process 
had  to  be  given  up  entirely :  the  apparatus  could  not  resist  the 
enormous  heat ;  the  decomposition  was  very  incomplete,  and  the 
HCl  difficult  to  condense. 

Brisse  endeavoured  to  improve  Gossage's  process  by  heating  salt 
to  the  melting-point  on  the  sloping  bottom  of  a  reverberatory 
furnace,  adding  silica  in  the  state  of  fine  powder,  and  conducting 
superheated  steam  through  the  mass.  ''  The  sodium  silicate  thus 
•obtained  is  treated  with  calcium  carbonate  at  a  high  temperature 
and  the  mass  lixiviated,  whereby  sodium  carbonate  and  calcium 
silicate  are  obtained,  from  which  silica  is  separated  by  hydrochloric 
acid''  (sic!)  "and  used  over  again/' 

Whilst  the  processes  just  described  are  evidently  useless,  a  pro- 
posal made  by  Ungerer  (Dingl.  Journ.  cxcvii.  p.  84f3)  does  not 
seem  entirely  impracticable.     He  proposes  to  get  the  mixture  of 
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salt  and  sand^  by  means  of  steam  and  heat^  up  to  the  fritting- 
pointy  and  then  to  employ  it  for  glass-making ;  he  does  not  even 
mention  any  possible  use  of  the  frit  for  soda-makings  which  no 
doubt  its  slight  solubility  would  prevent. 

As  a  curiosity  it  may  be  mentioned  that^  as  No.  447,  1854^ 
Cowper  (for  Laureau)  patented  the  decomposition  of  natural  or 
artificial  silicates  by  six  months^  ^^fermentation  *'  with  alternate 
layers  of  straw,  sawdust,  &c.  After  that  time  the  mass  was  to  be 
impregnated  with  thick  milk  of  lime  and  calcined  in  a  furnace ; 
on  lixiviation  it  was  to  yield  very  pure  soda ;  and  the  residue  was 
to  be  employed  as  pozzuolana ! 

Williams  again  (No.  5406,  1881)  patents  the  decomposition  of 
sodium  chloride  vapour  by  steam  and  silica. 

Sanderval  (Compt.  B.end.  cxvi.  p.  41)  heats  sodium  chloride  with 
silica  in  porous  clay  retorts  to  obtain  sodium  silicate  and  chlorine. 

Martin  (French  pat.  210676)  heats  nitre-cake  (acid  sodium 
sulphate)  with  small  coal  and  cinders  from  coal  fires  in  an  iron 
retort  to  a  red  heat :  there  are  formed  sodium  silicate  and  SOs  ; 
the  latter  is  to  be  converted  by  red-hot  coke  into  carbon  bisulphide, 
and  other  products  of  this  kind ;  the  sodium-silicate  is  to  be  con- 
verted into  caustic  by  lime.  Sodium  chloride  is  also  to  be  treated 
with  blacksmith's  cinders,  gelatinous  silica,  and  lime,  to  obtain 
sodium  silicate  and  volatile  ferric  chloride. 

A  very  peculiar  process  has  been  patented  by  the  celebrated 
inventor  of  the  basic  steel  process,  S.  G.  Thomas  (prov.  prot. 
No.  5849,  1883),  which  process  can  hardly  be  taken  seriously. 
Lumps  are  to  be  formed  from  sodium  or  potassium  chloride  with 
additions  of  ferric  oxide,  manganese  oxide,  magnesia,  lime,  and 
calcium  chloride.  These  are  placed  in  a  converter;  fused  pig-iron, 
containing  little  carbon,  but  at  least  4  per  cent,  silicon,  is  to  be 
run  in  and  the  mass  is  to  be  treated  with  a  current  of  air  or 
of  steam,  superheated  at  least  to  300^  C.  Chlorine  escapes  and 
a  slag  remains,  consisting  of  alkaline  silicate  mixed  with  a  little 
ferric  oxide. 

By  Boric  Add. 

Bohme  found,  in  1848  (Wagner's  'Regesten,'  p.  23),  that  boric 
hydrate  decomposes  common  salt,  in  the  presence  of  steam,  into 
•odium  borate  and  hydrochloric  acid.  The  former  might  be  con- 
verted by  lime  into  caustic  soda  and  calcium  borate,  and  from  the 
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latter  the  boric  acid  regenerated  [no  doubt  by  HCl !] ,  to  be  used 
iigain.  This  proposal^  which  the  high  price  and  inevitable  loss  of 
boric  acid  makes  appear  chimerical^  was  patented  by  Margueritte 
in  1855  (No.  159). 

Garroway  (No.  17895, 1889)  patents  this  process  once  more;  he 
hopes  to  improve  the  reaction  by  adding  nitre-cake  and  employing 
a  current  of  steam. 

By  Hydrogen  Fluoride. 

Weldon's  patent  No.  628,  1866,  prescribes  decomposition  of 
NaCl  by  HFl  into  NaFl,  boiling  this  with  MgO,  and  decomposing 
the  MgFlj  by  SO^Hj.  NaFl  may  also  be  decomposed  by  CaO, 
•CaCOs,  or  steam.  The  details  will  be  given  further  on,  when 
treating  of  the  employment  of  HFl  with  sulphate.  NaCl  (according 
to  him)  can  only  be  partly  decomposed,  if  precipitated  from  a 
saturated  solution  by  aqueous  HFl,  but  much  more  completely  if 
cooled  HFl  gas  is  passed  in  a  moderately  quick  current  into  NaCl 
solution.  Spilsbury  and  Maugham  had  already,  in  1837,  proposed 
the  use  of  HFl  (see  below). 

The  proposal  of  Krantz  (Germ.  65576)  is  intimately  connected 
with  his  process  for  employing  hydrofluosilicic  acid,  and  will  be 
described  further  on  (p.  192). 

Brochon  (French  pat.  208754)  prepares  HFl  by  the  action  of 
steam  on  fluorspar  in  a  reverberatory  furnace,  and  makes  it  act 
on  NaCl  in  the  fused  state  or  in  solution. 

By  Hydrofltiosilicic  Acid, 

Spilsbury  and  Maugham  in  1837  (No.  7277)  patented  the 
following  process: — A  solution  of  common  salt  is  mixed  with 
hydrofluoric,  or,  better,  with  hydrofluosilicic  acid,  and  the  pre- 
cipitate of  NajSiFlg,  by  boiling  with  milk  of  lime,  converted  into 
NaOH  and  CaSiFle*  Anthon  tried  this  process  in  1840  and 
obtained  good  results  (Wagner's  Jahresb.  1863,  p.  228) ;  but  the 
difficulty  of  washing  such  a  voluminous  precipitate  was  not  taken 
into  account.  A  similar  process  was  patented  on  March  2nd,  1858, 
by  Newton  for  Le  ChateUer,  and  in  1858  by  Kessler  in  France. 
Hydrofluosilicic  acid  is  prepared  by  melting  a  mixture  of  sand, 
clay,  and  fluorspar  and  condensing  the  vapours ;  this  is  employed 
for  decomposing  a  solution  of  common  salt.  The  precipitated 
Na^SiFlf  is  decomposed  by  ignition  into  NaFl,  and  this,  by  boiling 
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^ith  chalk,  into  Na^COs  and  CaFIs.  The  latter  is  mixed  with  the 
HCl  and  gelatinous  silica  formed  in  the  previous  stages  of  the 
process,  also  with  common  salt ;  thus  again  Na^SiFl^  is  formed, 
And  so  forth  (Hofmann,  ^  Beport  by  the  Juries/  1863,  p.  30). 

Whether  this  process  could  ever  pay,  would  depend  to  a  great 
extent  on  the  cheap  production  of  hydrofluosilicic  acid.  In  1865 
E.  Earcher  and  Tessi^  du  Motay  patented  in  France  the  production 
of  that  acid  (or,  in  the  first  instance,  of  SiFl4)  by  igniting  a  mixture 
of  sand,  fluorspar,  and  coal.  (Former  trials  in  that  direction 
by  Bredberg  and  Berthier  are  mentioned  in  Wagner's  '  Begesten,' 
p.  20.)  Fluorspar  (Biedermann,  in  Hofinann's  '  Bericht,'  1878, 
i.  p.  316),  silica,  and  clay  were  mixed  in  such  proportions  that  a 
good  slag  could  be  formed  and  moulded  with  addition  of  coal  into 
bricks,  which  were  dried  and  smelted  with  coke  in  a  blast-furnace 
of  33  to  40  feet  height.  The  slag  contained  calcium  silicates  and 
still  15  to  20  per  cent.  CaFl^.  The  gases  given  ofl^,  consisting  of 
;SiPl4,  N,  CO,  and  COj,  were  collected  at  the  mouth,  and  carried 
to  five  large  wooden  condensing-vessels  in  which  slanting  glass 
plates  were  placed  and  constantly  kept  wet.  At  the  bottom  of 
the  vessels  silica  was  deposited,  and  a  solution  of  H2SiFl0  was 
formed;  the  latter  was  methodically  conducted  from  one  of  the 
oondensers  to  another.  An  agitator,  causing  a  finely  divided  spray 
of  water,  would  probably  replace  the  glass  plates  with  advantage. 
It  is  not  easy  to  produce  acid  beyond  1*072  sp.  gr.=9  per  cent. 
HsSiFl^;  for  technical  purposes  half  that  strength  would  suffice. 
"The  latter  costs  at  least  2  francs  per  kilog.;  100  litres  of  it  are 
univalent  to  9  kilog.  chamber-acid  (of  vitrol-chambers). 

A  factory,  working  by  this  plan  and  managed  by  F.  Bothe, 
^existed  till  1870  at  Grossblittersdorf  near  Saargemiind,  but  was 
not  started  again  after  the  war,  because  several  serious  drawbacks 
had  appeared.  The  decomposition  of  SiFl^  by  water  was  not  per- 
fect; a  good  deal  of  it  escaped  and  caused  complaints  on  account 
of  nuisance.  In  spite  of  an  excess  of  silica,  HFl  was  always  formed 
as  well,  and  caused  great  trouble  in  decomposing  the  salt.  Worst 
of  all  was  the  fact  that  sodium  fluosilicate  is  only  very  imperfectly 
decomposed  into  siUcium  fluoride  and  sodium  fluoride  by  ignition, 
even  after  twenty-four  hours'  most  intense  heating,  both  with 
compressed  and  exhausted  air.  For  these  reasons  the  process  was 
^scontinued. 

Lefranc  and  Vivien  (French  pat.  208878)  give  prescriptions  for 
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manufacturing    hydofluosilicic    acid    which    present  no  special 
interest. 

This  process  has  been  taken  up  in  a  somewhat  modified  form  hj 
Krantz  (Germ.  pat.  65576  and  65784).     He  heats  1  part  sodiun» 
fluosilicate  with  2  sulphuric  acid^  spec.  gray.  1*70^  in  a  lead*coated 
boiler  with  false  bottom,  serving  as   a    steam-bath.      Sodiun^ 
bisulphate  is  formed ;  the  gases,  consisting  of  hydrogen  fluoride 
and  silicon  fluoride,  are  conducted  in  leaden  pipes  to  two  series  of 
leaden  Woulfe's  bottles,  half-fiUed  with   water  and  kept  cool. 
Each  bottle  has  near  the  bottom  a  neck,  connected  by  means  of 
gutta-percha  tubing  with   a  main   pipe,  communicating  with  a 
water-tank  placed  at  a  higher  elevation.    The  gaseous  current 
can  be  made  to  travel  either  in  one  or  in  the  other  direction. 
From  these  leaden  receivers  the  gas  is  conducted  into  a  series  of 
similar  glass  receivers,  and  then  into  leaden  chambers  about  6  feet 
high,  where  dry  calcium  fluoride  is  spread  in  layers,  2  inches  deep, 
on  leaden  shelves.    The  gas  enters  near  the  top  and  issues  near 
the  bottom.    The  water  contained  in  the  bottles  absorbs  first  the 
whole  of  the  gases,  bat  later  only  the  HFl;  while  the  SiFl^, 
previously  absorbed,  is  mostly  driven  out  again  and  retained  in  the 
following  bottles,  where  it  is  decomposed  into  silica  and  hydro- 
fluosilicic  acid,  until  here  also  the  HFl  again  converts  the  SiO^ 
into  silicon  fluoside :  SiO, + 4HF1 = SiFl4 + 2H,0.     This  reaction 
can  be  followed  up  in  the  glass  receivers,  and  the  gaseous  current 
through  the  leaden  receivers  must  then  be  reversed.      The  gas- 
arriving  in  the  lead  chambers  is  pure  SiFl^,  which  with  the  CaFl^- 
yields  soluble  calcium  fluosilicate,  CaSiFl^.     If  the  charge  of  any 
lead  chamber  has  thus  been  completely  transformed,  it  is  put  out 
of  series,  discharged,  charged  with  fresh  CaFl2,  and  put  into  series- 
as  the  last  of  the  lot.     The  calcium  fluosilicate  is  then  transformed 
by  sodium  chloride  into  a  solution  of  calcium  chloride  and  a 
precipitate  of  sodium  fluosilicate,  which  is  employed  again  for  the 
first  stage  of  the  process. 

The  hydrofluoric  acid  obtained  in  the  leaden  receivers  is  mixed 
with  the  sodium  bisulphate  previously  obtained,  a  precipitate  of 
sodium  fluoride  is  formed  with  supernatant  sulphuric  acid,  which 
is  freed  from  HFl  by  a  further  addition  of  NaHS04;  it  is  then 
concentrated  to  spec.  grav.  1*70  and  again  used  for  decomposing 
sodium  fluosilicate.  The  sodium  fluoride  is  then  employed  for 
preparing  caustic  soda^  &c.    The  patent  describes  some  further 
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modifications^  for  which  I  refer  to  the  original^  as  they  do  not  seem 
to  be  worth  repeating  here. 

Reich  (French  pat.  233075)  heats  sodium  fluosilicate  with 
silica^  to  produce  sodium  silicate  and  SiFl^;  the  latter  is  re- 
converted into  H4SiFl4,  and  the  sodium  silicate  is  decomposed  by 
COs-  The  hydrofluosilic  acid  may  be  replaced  by  hydrofluoboric 
acid^  and  the  silica  by  alumina. 

By  Alumina, 

Tilghman  in  1847  (No.  11556),  patented,  among  other  things, 
a  process  for  making  soda  from  common  salt  (or  sulphate)  by  the 
assistance  of  alumina.  The  latter,  made  by  heating  aluminium 
sidphate,  was  to  be  filled  in  pieces  of  about  ^  cwt.  each  into  a 
red-hot  cylinder  of  fireclay  with  a  magnesia  lining,  and  vapours  of 
common  salt  mixed  with  steam  passed  into  it.  The  latter  are 
obtained  by  admitting  steam  into  a  cast-iron  retort  in  which 
common  salt  is  kept  in  igneous  fusion.  The  reaction  takes  place 
thus : — 

AI3O3  +  2NaCl + H3O = Naa  Al A + 2HC1. 

(We  employ  this  formula  for  sodium  aluminate  merely  for  the  sake 
of  simplicity ;  probably  different  compounds,  up  to  Na^ AljOg,  are 
formed.)     Besides,  strongly  superheated  steam  is  directly  admitted 
into  the  apparatus,  which  must  be  strongly  red  hot  or  white  hot.    By 
a  test-hole  in  the  exit-pipe  the  quantity  of  steam  is  controlled ; 
there  ought  to  be  little  salt  and  much  acid  found  in  the  gases.     On 
the  one  hand,  HCl  is  formed,  and  condensed  by  suitable  apparatus ; 
on  the  other  hand,  a  mass  containing  sodium  aluminate  remains 
behind  in  the  retort.     This  is  lixiviated  with  hot  water,  the  residue 
dried  and  used  over  again;  the  solution  is  treated  with  CO3,  by 
which  aluminium  hydrate  is  precipitated,  whilst  sodium  carbonate 
remains  in  solution  and   can   be  obtained  by   crystallizing,  &c. 
(exactly  as  in  the  manufacture  of  soda  from  cryolite.  Chapter  X.). 
When  the  process  was  carried  out  at  Glasgow  on  a  large  scale,  the 
impracticability  of  introducing  common  salt  in  this  way  must  have 
become  apparent ;  for  there  a  paste  was  made  from  alumina  and 
salt,  formed  into  small  hollow  cylinders  of  4  inches  length  and  1 
or  2  inches  diameter,  dried  sharply,  and  the  decomposing-cylinder 
filled  with  them.    They  were  finally  got  back  without  change  of 
form^  containing  partly  sodium  aluminate,  and  were  moistened 
with  water  .and  exposed  to  a  current  of  CO3  and  steam*    On  lixi- 
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viating^  soda  was  obtained  and  alumina  remained  behind.  Knapp 
(Liebig^s  Jahresb.  1847-48,  p.  1052)  states  that  the  reaction  of 
AlsOs  on  NaCl  at  a  red  heat  is  not  very  energetic ;  and  the  neces- 
sity of  employing  a  white  heat  is  very  troublesome  in  practice. 
In  Glasgow,  in  fact,  only  32  per  cent,  of  soda  was  obtained,  and 
great  difficulties  were  experienced  in  treating  and  recovering  the 
light  flocculent  alumina — a  difficulty  attaching  to  all  soda-making 
processes  which  employ  alumina  or  silica.  These  facts,  no  doubt^ 
were  soon  recognized  after  the  publication  of  the  process  (which 
had  awakened  much  interest) ;  for  the  matter  was  laid  aside  till  a 
cheaper  and  handier  source  of  alumina  was  found  in  bauxite,  a 
natural  aluminium  hydrate  containing  ferric  oxide.  Lechatellier 
and  Jacquemart  were  the  first  who  employed  this  mineral  for  pre- 
paring sodium  aluminate,  in  the  aluminium-works  at  Nanterre  near 
Paris,  and  later  on  at  Salindres  (in  1861  and  1862),  by  mixing 
it  with  common  salt  and  passing  steam  into  the  mixture  in  a 
closed  vessel,  or,  better,  in  a,  reverberatory  furnace  at  a  high  tem- 
perature. In  what  way  the  volatilization  of  the  salt  was  prevented 
and  the  HCI  condensed  has  not  become  known ;  but  it  is  a  fact 
that  the  aluminate  sent  into  the  trade  by  Morin  was  not  made 
from  common  salt  but  from  sulphate.  In  1862  (No.  2050) 
Gossage  again  patented  a  process,  similar  to  Tilghman's  but  em- 
ploying a  peculiar  furnace,  which  has  been  described  when 
mentioning  the  silica  process,  proposed  at  the  same  time  and 
preferred  by  himself.  A  similar  process  is  that  of  Hargreaves 
(No.  2121,  1867).  In  1874  (No.  2639)  Griineberg  and  Vorster 
took  out  an  English  patent  upon  the  same  subject.  Common  salt 
and  alumina  are  made  into  a  paste ;  the  mass  is  dried,  broken  into 
small  pieces,  and  treated  with  red-hot  steam.  HCI  escapes,  and 
Na2Al304  remains  behind.  The  latter  is  dissolved  out  from  the 
impurities,  and  decomposed  either  by  CO2  or  by  CaO,  according 
to  whether  carbonate  or  caustic  soda  are  to  be  obtained.  Instead 
of  alumina,  ferric  oxide  or  any  other  metallic  oxide  may  be 
employed  (?).  This  process  was  actually  tried,  but  had  to  be 
discontinued  because  the  vessels  would  not  stand — the  same 
drawback  which  has  occurred  in  so  many  theoretically  soimd 
processes. 

Anderson  (Engl.  pat.  2801,  1867)  passes  superheated  steam 
first  over  alkaline  chlorides,  which  are  thereby  volatilized,  and 
then  over  clay,  to  form  alkaline  silicate  and  aluminate. 
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Lieber  (Engl.  pat.  2183  and  4580, 1887)  heats  alkaline  chlorides 
^th  sulphate  of  alumina  in  a  current  of  superheated  steam ;  at 
first  HCl,  afterwards  SOj  +  O  escapes,  and  alkaline  aluminate 
jremains  behind. 

With  Alumina,  after  converting  the  Sodium  Chloride  into 

Sulphate. 

C.  F.  Claus  (Engl.  pat.  4811,  1891)  mixes  hydrated  alumina, 
<either  in  the  shape  of  bauxite  or  recovered  in  the  process,  with  its 
weight  of  sodium  chloride,  and  moulds  the  mixture  with  water 
into  balls  or  bricks  which  are  dried;  then  by  a  hot  mixture  of 
steam,  air,  and  SO2,  the  NaCl  is  converted  into  sodium  sulphate, 
at  such  a  temperature  that  the  chemically  combined  water  is  not 
split  off  from  the  alumina,  but  high  enough  to  prevent  the 
formation  of  aluminium  sulphate.  The  presence  of  alumina 
facilitates  the  reaction,  by  preventing  the  mass  from  fusing.  If 
less  aluminium  hydrate  has  been  employed  than  is  necessary  for 
•completing  the  formation  of  aluminate,  much  alkaline  sulphide  is 
formed,  which  may  be  afterwards  converted  into  carbonate  by 
gases  containing  CO2.  In  this  case  the  object  is  not  so  much  to 
form  alkaline  aluminate  as  to  remove  the  difficulties  otherwise 
militating  against  the  manufacture  of  sodium  sulphide. 

The  transformation  of  the  chloride  into  sulphate  takes  place  in 
a  series  of  furnaces  or  brick  chambers,  or  brick-lined  iron  vessels, 
connected,  as  in  a  Hargreaves  apparatus  (Vol.  II.  p.  258),  in  such 
a  manner  that  the  gaseous  current  can  be  directed  in  any  given 
way  and  that  any  chamber  may  be  put  out  of  turn.  The  chambers 
are  charged  with  the  salt-alumina  balls,  and  are  systematically 
heated  with  pyrites-kiln  gases,  as  minutely  described  in  the  patent ; 
this  part  entirely  agrees  with  the  Hargreaves  process. 

When  the  charge  has  been  completely  transformed  into  sulphate, 
it  is  taken  out  of  the  chambers  and  is  put  into  a  second  set  of 
chambers,  arranged  and  manipulated  exactly  like  the  first.  The 
^as  here  employed  is  carbon  monoxide,  hydrogen,  water-gas  or 
the  so-called  semi-water  gas,  and  by  this  the  sulphate  is  at  first 
reduced  to  sulphide.  This  is  later  on  decomposed  by  the  water 
<;hemically  combined  with  the  alumina,  and  yields  up  the  sulphur 
as  HjS  ;  the  alkali  with  the  alumina  forms  sodium  aluminate.  If 
the  heat  conveyed  by  the  gases  from  the  producer  is  not  sufficie::t^ 
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heated  air  is  passed  in^  in  order  to  raise  the  temperature  by  bunting^ 
part  of  the  gas. 

The   novelty,  in  this  ease  especially,  consists  in  reducing  the- 
Na2S04  to  Na2S  by  reducing  gases  alone,  without  any  addition  of 
carbon.    The  gases  mixed  with  H2S  are  then  worked  for  sulphur 
by  the  well-known  process  due  to  the  same  inventor  (Vol.  II. 
p.  895). 

Instead  of  two  separate  sets  of  chambers  a  single  set  of  double 
length  may  be  employed ;  this  is  arranged  in  such  manner  that 
part  of  it  can  be  treated  with  pyrites-kiln  gases  and  part  with 
water-gas.  This  arrangement,  minutely  described  in  the  patent,, 
avoids  moving  the  sulphate  before  reducing  it  to  sulphide. 

The  sodium  aluminate,  or  mixture  of  such  with  sodium  sulphide,, 
remaining  behind  is  dissolved  in  hot  water,  and  is  converted  into- 
sodium  carbonate  and  aluminium  hydrate  by  gases  containing  CO2. 
In  the  presence  of  sulphide  the  gases  must  at  first  go  into  the 
sulphur-recovery  apparatus.  This  process  is  also  applicable  to* 
sodium  sulphate  obtained  by  any  other  process,  which  is  mixed 
with  faydrated  alumina  and  treated  as  above. 

Kayser,  Williams,  and  Young  (Engl.  pat.  11492,  1887)  mould 
a  mixture  of  salt  and  clay  (not  alumina  I)  with  water  into  bricks,, 
which  are  dried,  and  are  heated  in  a  cupola  with  hot  gases  and 
superheated  steam.  The  clay  acts  upon  the  NaCl  and  drives  off 
HCl,  long  before  a  visible  red  beat  has  been  attained ;  the  action^ 
quickly  increases  as  the  temperature  rises,  and  is  finished  after 
heating  to  £1  red  heat  for  24  hours.  The  residue  is  an  "  acid 
silico-sodium  aluminate,"  which  in  the  case  of  a  proper  mixture 
contains  33  per  cent.  Na20j  it  is  then  insoluble  in  water  and 
infusible  even  at  incipient  white  heat.  It  is  crushed,  and  ia 
fused  with  sufficient  soda  to  bring  up  the  percentage  of  Na20  to 
50  per  cent.  This  "basic  silico-sodium  aluminate"  is  deli- 
quescent ;  on  lixiviation  it  yields  a  solution  containing  from  80  to 
90  per  cent,  of  the  total  Na20  as  hydrate,  the  remainder  as  carbonate 
and  aluminate.  The  insoluble  residue  contains  recovered  alumi- 
nium silicate,  free  from  iron,  which  is  employed  instead  of  fresb 
clay  for  the  first  reaction.  The  best  description  of  clay  for  this- 
purpose  is  that  containing  2Si02  to  IAI2O3,  and  this  is  obtained 
by  adding  sand  to  ordinary  clay,  or  removing  an  excess  of  sand 
from  clay.  The  fire-gases  entering  the  cupola  must  contain 
enough  steam  to  form  HCl  with  the  chlorine,  and  enough  oxygea 
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to  avoid  the  formation  of  CO  and  its  reducing  action.  The  patent 
specification  (printed  in  Journ.  Soc.  Chem.  Ind.  1887,  p.  730) 
contains  a  diagram  of  the  gas-producer  and  of  the  cupola  (the 
''converter'^),  to  which  I  must  refer,  as  the  process  has  evidently 
not  turned  out  to  be  practicable.  A  number  of  further  details  are 
described  in  another  patent  of  the  Kayser  Patent  Co.  (Engl.  pat. 
10202,  1891 ;  Journ.  Soc.  Chem.  Ind.  1892,  p.  36),  which  makes 
the  impression  as  if  the  process  had  been  actually  tried  on  the 
large  scale,  but  probably  without  much  success. 


By  Kieserite  and  Alumina. 

Lieber  (Germ.  pat.  No.  9610,  1878)  proposes  mixing  alkaline 
chlorides  with  magnesium  sulphate  (occurring  at  Stassfart  as 
kieserite)  and  as  much  crude  alumina  (in  the  state  of  bauxite  &c.) 
as  will  decompose  the  alkaline  sulphates  formed.  The  mixture 
is  moulded  into  bricks,  which  are  dried  and  heated  to  a  red  heat 
in  a  kiln,  steam  being  passed  through  at  the  same  time.  First 
there  are  formed  alkaline  sulphates  and  hydrochloric  acid.  The 
latter  is  condensed  in  the  usual  manner ;  the  sulphates  are  acted 
upon  by  the  alumina,  sulphur  dioxide  and  alkaline  aluminate  being 
formed.  The  ignited  mass  is  lixiviated  with  water  and  treated 
with  carbon  dioxide,  so  that  alkaline  carbonate  and  a  precipitate 
of  aluminium  hydroxide  are  obtained.  Instead  of  HCl,  chlorine 
anay  be  obtained  by  submitting  the  dried  mass  at  900^  to  a  gentle 
current  of  air,  previous  to  igniting  it  in  the  kiln. 

[This  process  is  quite  impracticable,  as  the  SOs  would  escape 
together  with  the  fire-gases.] 

By  Aluminium  Chloride, 

Swager  (Monit.  Scientif.  1868,  p.  838)  proposes  to  mix  a 
solution  of  NaCl  and  of  Alfil^ ;  the  double  salt,  2NaCl,  Al^Cl^,  is 
obtained  by  drying,  and  blown  by  means  of  a  fan-blast,  in  the 
form  of  a  fine  powder,  through  a  red-hot  retort  in  which  it  is 
•exposed  to  superheated  steam.  Sodium  aluminate  and  HCl  are 
^nerated;  the  former  is  decomposed  by  COj  into  Na208  and 
Al^Os,  which  is  again  converted  into  AI2CI8. 
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By  Chromium  Oxide  and  Steam. 

Kessler,  in  1867,  patented  in  France  the  following  process  : — 
Sodium  (or  potassium)  chloride  is  intimately  mixed  with  chro- 
mium sesquioxide,  alone  or  along  with  manganese,  or  with  chrome 
iron-ore  or  lead  chromate,  and  in  a  red-hot  state  treated  with 
superheated  steam.  With  the  assistance  of  atmospheric  oxygen^! 
sodium  bichromate  and  hydrochloric  acid  are  formed — 

2NaCl + Cr,0, + H,0  +  30 = Na,Cr,Or  +  2UCI. 

When  the  reaction  is  finished  and  the  mass  cooled  down,  it  is 
mixed  with  coal  and  again  heated  to  a  dark-red  heat.  Now 
sodium  carbonate  and  chromium  oxide  are  formed,  CO  or  CO^ 
being  given  off — 

NajCfjOy  +  2C = NaaCOa + CrA + CO 

or 

2Na2Cr207  +  3C = 2Na2C03  +  2Cr503  +  COj. 

The  sodium  carbonate  is  dissolved  out,  and  the  residue  Cr^Os  usedf 
for  decomposing  fresh  salt.  This  proposal  is  impracticable,  because- 
the  reaction  between  CrgO^,  NaCl,  and  superheated  steam  (already 
patented  by  Swindells  in  1851)  is  very  incomplete. 

Rather  difiPerent  are  the  patents  of  Hargreaves  and  Robinsom 
(Nos.  508  and  509,  1872).  The  alkaline  chromates,  obtained  in* 
the  chlorine  process  patented  by  the  same  inventors,  are  to  be 
reduced  by  hydrogen,  carbonic  oxide,  or  hydrocarbons ;  in  the 
first  case  the  hydrates,  in  the  latter  cases  the  carbonates  of  the 
alkalies  are  obtained.  Or  the  chromates  are  reduced  by  heating, 
with  finely  divided  coal  (as  in  Kessler's  process),  and  cooled  io 
dosed  vessels,  to  prevent  the  re-formation  of  chromates. 

Oattman's  patent  (No.  1184,  1808)  is  very  similar  to  the  above. 
He  mentions  that  ferric  chloride  volatilizes,  and  that  sodium 
nitrate  or  manganese  oxide  must  be  added. 

By  Oxalic  Acid. 

Kobell  (Wagner's '  Regesten,'  p.  18)  proved  that  sodium  chloride 
can  be  converted  into  carbonate  by  oxalic  acid  on  ignition,  CO 
and  HCl  escaping.  But,  looking  at  the  high  price  of  oxalic  acid^ 
only  those  processes  can  claim  a  technical  interest  which  recover 
that  acid.  All  endeavours  in  this  direction  are  founded  upon  the 
slight  solubility  of  acid  sodium  oxalate  in  water,  and  are  carried 
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out  by  adding  to  a  concentrated  solution  of  sslt  an  excess  of 
oxalic  add^  so  that  the  acid  oxalate^  GsHNa04  +  H20^  is  pre* 
cipitated  and  HCl  remains  in  solution.  The  precipitate  is  con* 
Terted  into  caustic  soda  and  calcium  oxalate  by  boiling  with  milk 
of  lime^  and  the  oxalic  acid  recovered  from  the  latter  by  sulphuric 
acid.  This  process  was  patented  by  Samuel,  No.  ^873,  1838, 
again  by  Margueritte,  No.  159,  1855,  and  by  Weldon,  No.  629, 
1866,  but  with  the  addition  that  the  hydrosodic  oxalate  was  ta 
be  boiled  with  quicklime  or  calcium  carbonate.  The  latter  does 
not  answer  the  purpose,  as  Anthon  and  R.  Wagner  have  found 
('Begesten,'  p.  18).  Only  half  of  the  oxalic  acid  is  precipitated 
by  CaCOs,  the  other  half  remaining  dissolved  as  C8Na204 ;  but  a 
mixture  of  milk  of  lime  and  chalk,  or  the  latter  by  itself  (as^ 
proposed  by  Samuel)  fulfils  the  intention.  The  process  is  not 
practicable,  because  much  oxalic  acid  is  lost,  its  recovery  is  not 
easy,  and  its  price  is  high.  As  No.  2864,  1864,  Newton  (for 
Bang)  patented  the  decomposition  of  NaCl  with  ammonium  oxalate 
in  hot  concentrated  solutions ;  NH4CI  remains  dissolved,  NaHCs04 
falls  down,  is  isolated  by  decantation,  washed  with  a  cold  con* 
centrated  solution  of  pure  NaHC204,  decomposed  by  CaO  into 
NaOH  and  CaC304,  and  the  latter  converted  by  NHs  (from  the 
NH4CI)  and  COs  into  CaCOj  and  (NH4)8C204.  (This  patent  did 
not  get  beyond  the  stage  of  provisional  protection.)  Knab 
obtained  a  French  patent  (Jan.  3,  1877)  for  exactly  the  same 
process. 

Marchand  (French  pat.  213354)  again  causes  a  concentrated 
solution  of  oxalic  acid  to  act  on  the  NaCl,  thus  expelling  HCl ; 
the  sodium  oxalate  is  to  be  transformed  by  lime  into  caustic  soda 
and  calcium  oxalate,  and  from  the  latter  the  oxalic  acid  is  to  be 
recovered  by  sulphuric  acid. 

By  Magnesium  Oxalate.    * 

Bohlig  (Dingl.  Joum.  ccxxiv.  p.  621),  1st,  mixes  magnesium 
oxalate,  common  salt^  and  hydrochloric  acid  cold,  and  lets  the 
mixture  stand.  A  crystalline  precipitate  of  NaHC204  and  a 
sirupy  solution  of  MgCl,  are  obtained,  according  to  the  equation 

MgC204  +  HCl+NaCl=NaHC204  +  MgCl2. 

The  solution  of  MgCl2  is  displaced  by  water  j  and  as  it  contains  an 
excess  of  HCl,  it  is  used  over  again  till  it  is  saturated.     2nd.  The 
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NaHCgO^,  by  agitation  with  MgCOg  and  water  at  a  pressure  of 
two  atmospheres,  is  converted  into  a  coarse  crystalline  precipitate 
of  MgCgO^  and  a  concentrated  solution  of  NaHCOa-  3rd.  The 
latter,  by  boiling  with  magnesia,  is  converted  into  a  solution 
of  NaaCOg  and  MgCOg.  Thus  one  half  of  the  MgCOg  required 
in  the  second  stage  is  obtained ;  the  second  half  is  obtained  by 
treating  the  MgO  formed  in  the  4th  stage  with  fire-gases.  The 
solution  of  soda  contains  a  little  sodium  oxalate,  which  on  concen- 
tration to  77^  B.  and  cooling  is  completely  precipitated.  4th.  The 
solution  of  MgCl2  is  boiled  down,  and  by  heating  decomposed 
into  MgO  and  HCl.  5th.  The  oxalic  acid  intended  for  replacing 
that  which  has  been  lost  is  prepared  by  heating  caustic  potash 
with  sawdust  to  dryness,  melting,  lixiviating,  recrystallizing  the 
potassium  oxalate,  and  precipitating  MgC204  by  means  of  MgCl^ 
or  MgSO^.  Pure  oxalic  acid  can  be  obtained  by  treating  the 
magnesium  oxalate  with  HGl.  The  principal  weak  points  of  this 
rather  ingeniously  combined  proposal  seem  to  be,  1st,  the  difficulty 
of  completely  decomposing  the  MgClg,  and^  2nd,  the  expense  of 
replacing  the  oxalic  acid  lost. 

By  Calcium  Sulphide. 

According  to  Greenshield^s  patent  (No.  1136,  1852),  gypsum 
and  small  coal  are  to  be  brought  to  a  red  heat  and  common  salt 
and  more  small  coal  added,  and  heat  applied  till  no  more  gas  is 
given  oflT;  the  mass  is  cooled  and  lixiviated,  the  solution  boiled 
down ;  and  the  salt  obtained  is  fused  in  a  black-ash  furnace  with 
coal  and  chalk.  The  description  of  the  process  is  very  obscure, 
but  does  not  invite  any  special  study. 

By  Ferrous  Sulphide. 

Raynaud  (Engl.  pat.  14483,  1890)  heats  common  salt  with 
ferrous  sulphide  in  contact  with  air;  chlorine  escapes,  and  a 
mixture  of  sodium  sulphide  and  ferric  oxide  remains  behind. 
This  is  mixed  with  coal  and  fused,  thus  forming  f erro-sodium  sul- 
phide, from  which  by  means  of  CO3  sodium  carbonate  and  FeS  are 
obtained,  the  latter  to  be  used  over  again.  [The  first  part  of  this 
process  is  simply  taken  from  Longmaid,  Vol.  II.  p.  128,  the  second 
from  Blythe  and  Kopp,  vide  infra,  neither  of  which  processes 
has  been  practically  successful.] 


MANUFACTURE  OF  SODA  FROM  SODIUM  SULPHATE.  201 


CHAPTER  XII. 

MANUFACTURE    OF    SODA   FROM   SODIUM   SULPHATE 
WITHOUT  PREVIOUS  REDUCTION  TO  SULPHIDE. 

By  Potassium  Carbonate. 
(Wagner's  *  Regesten/  p.  45.) 

CI.  P.  Hagen  showed,  in  1768,  that  from  a  mixed  solution  of 
sodium  sulphate  and  potassium  carbonate  first  a  crop  of  potassium 
sulphate,  and  then  one  of  sodium  carbonate  is  obtained.  Bergman 
(1781),  Wiegleb,  Gottling,  Accum,  and  Nasse  have  each  described 
this  process,  which,  at  the  then  ruling  prices  of  potash  and  soda, 
was  not  so  completely  absurd  in  an  economical  point  of  view 
as  in  1840,  when  Anthon  thought  it  worth  while  to  try  it  on  a 
large  scale  and  pronounced  favourably  upon  it ! 

By  Caustic  Lime. 

Already  in  1789  Delius  intended  decomposing  sulphate  by 
lime  into  caustic  soda  and  gypsum ;  afterwards  Achard,  Scheele, 
Klaproth,  Gottling,  and  Westrumb  occupied  themselves  with  the 
«ame  matter,  and,  indeed,  made  soda  by  this  process.  Anthon  in 
1840  showed  that  the  decomposition  is  only  imperfect  (Wagner's 
'^  Regesten,'  p.  46).  Claussen  in  1852  took  out  an  English  patent 
^No.  13956)  for  manufacturing  sodium  hydrate  and  carbonate  by 
boiling  sodium  sulphate  with  the  hydrate  of  calcium,  barium,  or 
strontium:  the  earthy  sulphate  is  precipitated;  the  NaOH 
remains  in  solution ;  by  long  exposure  to  the  air  it  is  changed 
into  carbonate.  Common  salt  is  also  decomposed  '^  by  means  of 
<^rtain  organic  acids,  which  are  afterwards  decomposed  by  heat,'' 
by  "  gaseous  acids,"  by  "  hydrates,  oxides^  peroxides,  and  certain 
^  metallic  bases ;  also  by  certain  carbonates,  carbonate  of  ammonia 
-excepted."  From  this  medley  everybody  may  pick  cut  what  suits 
him.  A  better  result  than  by  boiling  with  quicklime  under 
<»rdinary  circumstances  was  expected  to  be  attained  by  Hunter 
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(patent  No.  1011,  1865)  by  boiling  under  pressure.     Good  results- 
were  to  be  obtained  with  sulphate  of  soda  '^  by  boiling  a  solution 
of  sp.  gr.  1*100,  at  pressure  of  from  40  to  50  lbs.  per  square  inch/'" 
and  with  sulphate  of  potash  '^  by  boiling  a  solution  of  sp.  gr. 
I'lOO,  at  a  pressure  of  from  80  to  90  lbs.  per  square  inch,  till  a 
test  shows  that  the  reaction  is  finished.   An  excess  of  lime  is  useful,, 
and  may  be  utilized  by  employing  the  residue  of  Ca(OH)2  and 
CaS04  for  the  first  treatment  of  a  fresh  portion  of  alkaline  sul- 
phates, and  decomposing  the  latter  by  a  second  boiling  with  fresh 
quicklime.     Some  varieties  of  lime  are  less  active  than  others*. 
The  gypsum  is  separated  from  the  caustic  lye  by  filtering  under 
pressure,  lest  any  backward  decomposition  set  in ;  and  the  caustic 
soda  is  used  as  such  or  converted  into  carbonate  by  introducing 
CO2  or  by  evaporating  over  CaCOs.''     Hill  (Chem.  News,  Xxvii. 
p.  165)  examined  the  action  of  lime  on  sulphate  with  or  without 
pressure,  and   obtained  very  discouraging  results.      By   boiling 
without  pressure  he  could  only  obtain  1  per  cent,  of  the  sulphate 
as  NaOH ;  at  a  pressure  of  nearly  3  atmospheres,  only  6  per  cent.^ 
and  at  a  pressure  of  18  atmospheres,  continued  for  several  hours,, 
only  13  per  cent,  was  converted  into  NaOH. 

Tessie  du  Moray  once  more  patented  this  process  (French  pat. 
92312,  1871),  with  the  assertion  that  at  a  pressure  of  from  2  to  20' 
atmospheres  75  or  80  per  cent,  of  the  sulphate  can  be  decomposed. 
In  experiments  made  in  my  laboratory  by  Reisz  (Dingl.  Joum. 
ccxxxviii.  p.  69)  at  a  pressure  of  5  atmospheres  a  totally  insufficient 
decomposition  was  obtained,  just  as  in  Hill^s  experiments.  At 
ordinary  temperatures  a  mixture  of  1  mol.  Na^SO^+l  mol.  CaO, 
dissolved  in  15  times  its  weight  of  water,  was  decomposed  only  to> 
the  extent  of  6'55  per  cent. ;  in  the  presence  of  180  parts  of  water 
to  1  of  Na2S04  the  decomposition  amounted  to  28*8  per  cent.  At 
a  higher  pressure  (5  atmospheres)  the  decomposition  in  the 
presence  of  6  parts  of  water  amounted  to  3*1  per  cent.,  with  10 
water  to  11*2  per  cent.,  with  25  water  to  31*7  per  cent. 

Sevan  and  Cross  (Dingl.  Journ.  ccxlii.  p.  137)  obtained  very 
similar  results. 

By  Caustic  Baryta. 

Undoubtedly  the  decomposition  of  sodium  sulphate  and  barium> 
hydrate  to  barium  sulphate  and  sodium  hydrate,  which  takes  place 
even  in  cold  solutions  directly  and    completely,  would  be   ai>>, 


BY  CAUSTIC  BARYTA.  203^ 

extremely  conyenient  soda-making  process^  if  the  preparation  of 
caustic  baryta  were  possible  in  a  simple  and  cheap  way. 

Patents  for  this  process  have  been  granted  : — to  Fuller  (No.  4357,- 
1819)^  who  intended  making  caustic  baryta  by  heating  carbonate,, 
and  utilizing  the  CO^  driven  off  by  carbonating  the  caustic  soda  ; 
further,  to  Samuel  (No.  7873,  1838),  who  employed  the  sulphides 
of  barium  and  strontium,  made  from  the  sulphates  by  reduction 
with  coal,  and  converted  the  sodium  sulphide  formed  into  car- 
bonate by  means  of  CO2 ;  moreover  he  patented  the  direct  appli- 
cation of  barium  or  strontium  hydrate,  made  from  the  sulphides 
by  means  of  copper  oxide.  Anthon  in  1840  tried  Samuel's  process, 
and  obtained  good  results. 

R.  Wagner  (*  Regesten,'  p.  50)  also  found  that  sodium  sulphate 
is  easily  and  completely  decomposed  by  caustic  baryta  at  all 
temperatures  and  pressures,  and  that,  as  H.  Rose  had  stated,  a 
solution  of  sodium  hydrate,  if  CO3  is  kept  off,  does  not  act  upon 
fiaS04.  Hofacker  (Dingl.  Journ.  clxix.  p.  76)  made  again  the 
"  novel '^  proposal  of  employing  caustic  baryta,  obtained  by 
calcining  the  native  carbonate  or  by  reducing  the  sulphate  and 
treating  the  BaS  with  CuO,  for  decomposing  sodium  sulphide ; 
Hunter,  No.  2876,  1864,  and  Lyttle,  No.  455,  1875,  patented  the 
same  thing. 

All  these  proposals  must  remain  futile  until  a  much  cheaper 
process  for  making  caustic  baryta  than  any  of  those  known 
hitherto  has  been  discovered.  When  this  is  done,  then  certainly,, 
as  Hofmann  says  (Report  by  the  Juries,  1863,  p.  64),  the  alkali- 
manufacture  will  be  revolutionized.  Hofmann  adds  that  in  such 
a  case  the  use  of  caustic  baryta  would  mostly  supersede  that  of 
caustic  alkaline  lyes. 

Dr.  Angus  Smith  (Inspectors^  Report,  1877-78,  p.  34)  believed 
that  caustic  baryta  can  be  cheaply  made  by  the  process  described 
there — viz.,  adding  a  little  Mn02  to  a  solution  of  BaS  and  passing 
a  current  of  air  through  it.  A  precipitate  of  sulphur  and  a 
solution  of  barium  hydrate  are  formed,  while  MnOg  only  acts  as  a 
carrier  of  oxygen  and  remains  as  before. 

His  soda-ash  process  might  be  formulated  thus : — 

1 .  BaS04  +  2C = BaS + 2COj ; 

2.  BaS-hMn02  +  H20=Ba(OH)2  +  MnS  +  0; 
8.    MnS  +  20=Mn03-hS; 

4.    Ba(OH)2+Na,S04=2NaOH  +  BaS04. 
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But,  unfortunately,  the  above  reaction  takes  place  only  in  dilute 
liquids  ;  moreover  barium  hyposulphite  is  also  always  formed ;  and 
these  circumstances,  combined  with  the  expense  of  reducing  the 
BaSOs  and  lixiviating  the  BaS,  would  perhaps  make  the  process 
not  economical.  But  it  is  certainly  worthy  of  the  attention  of 
practical  men. 


By  Caustic  Strontia. 

{Compare  also  Potassium  Carbonate  and  Caustic  Lime,  p.  201.) 
lingerer  (Dingl.  Joum.  clxxxviii.  p.  140)  makes  the  following 
proposal: — First,  by  boiling  equivalent  quantities  of  ammonium 
sulphate  and  sodium  chloride  in  concentrated  solutions,  anhy- 
drous sodium  sulphate  is  to  be  obtained,  which  is  precipitated 
and  fished  out ;  on  cooling,  ammonium  chloride  crystallizes ; 
and  the  mother  liquor  on  evaporation  again  furnishes  sodium 
sulphate.  The  latter,  dissolved  in  water  and  mixed  with  caustic 
strontia,  yields  very  pure  caustic  soda  and  a  precipitate  of  stron- 
tium sulphate.  The  ammonium  chloride  previously  obtained 
is  converted  by  calcium  carbonate  into  ammonium  carbonate; 
and  this,  digested  with  the  strontium  sulphate,  yields  strontium 
carbonate  and  ammonium  sulphate.  The  latter  serves  for  de- 
composing fresh  salt ;  the  former  is  mixed  with  coal  and  ignited 
in  a  reverberatory  furnace  with  the  assistance  of  steam,  till  it 
has  given  up  its  carbonic  acid,  which  is  easily  done.  Thus  the 
raw  materials  are  only  common  salt  and  lime  and  as  much 
strontia  [and  ammonia  !]  as  is  required  for  replacing  the  inevitable 
loss  in  manufacturing.  The  hydrochloric  acid  is  certainly  lost 
with  the  calcium  chloride.  Ungerer  points  out  as  advantages  of 
his  process  that  strontium  sulphate  can  be  converted  into  carbonate 
by  digestion  with  ammonium  carbonate,  and  that  strontium  car- 
bonate more  easily  yields  up  its  CO2  than  BaCOs.  But  he  himself 
admits  that  the  decomposition  of  SrSO^  is  not  perfect ;  strontium 
sulphide  is  formed,  and  consequently  sodium  sulphide,  and  that  in 
considerable  quantity.  Even  apart  from  that,  this  ingeniously 
combined  process  is  useless ;  a  considerable  quantity  of  SrCOj 
will  not  be  changed  into  SrO,  and  w  ill  consequently  be  lost ;  and 
the  loss  of  ammonia  will  be  even  worse.  If  ammonia  is  to  be 
employed  at  all,  no  doubt  the  much  simpler  process  of  Dyar  and 
Hemming  will  be  resorted  to. 
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Gray  (Amer.  pat.  459688)  treats  alkaline  sulphates  with 
strontium  hydrate,  converts  the  strontium  sulphate  formed  by 
MgCOa  into  strontium  carbonate,  and  recovers  the  caustic  strontia 
from  the  latter  by  heating  in  an  atmosphere  of  steam. 

Eichstadt  {Engl.  pat.  15136,  1891)  describes  a  new  form  of  the 
strontia  process.  Equivalent  proportions  of  strontium  sulphate 
and  sodium  sulphate  are  heated  with  a  quarter  of  their  weight 
of  coal ;  the  melted  mass  is  dissolved  in  water.  The  following 
reactions  take  place  : — 

SrS04  +  Na2S04  +  8C  =  SrS  +  Na^S  +  8C0, 
SrS+Na5S  +  2H30=Sr(OH),  +  2NaSH. 

On  cooling  the  strontium  hydrate  crystallizes  out  and  is  utilized 
for  preparing  caustic  soda  from  sodium  sulphate.  The  sodium 
sulphydrate  remaining  in  the  mother  liquor  can  be  utilized  in 
various  well-known  ways. 

By  Calcium  Bicarbonate. 

Pongowski  (French  patent  of  March  27th,  1872)  adds  to  a 
solution  of  alkaline  sulphate  a  little  more  than  the  theoretical 
quantity  of  finely  powdered  limestone,  covers  up  the  vessel,  and 
conducts  a  current  of  COg  into  it,  constantly  agitating.  Calcium 
bicarbonate  is  formed,  which  is  decomposed  with  the  alkaline 
sulphate ;  after  eight  hours  the  latter  is  completely  converted  into 
carbonate.  The  mixture  is  allowed  to  settle,  the  liquid  poured  off 
from  the  precipitate  and  boiled  down. 

Hilgard  (Ber.  deutsch.  chem.  Ges.  1892,  p.  3624)  states  that 
the  above  reaction  was  first  proposed  by  Alex.  Miillcr,  of  Stock- 
holm, in  1859.  He  himself  carried  it  out  with  potassium  and 
sodium  sulphate,  and  therefrom  deduced  the  formation  of  *'  natural 
soda  "  (Vol.  II.  p.  58)  ;  but  it  occurs  to  any  considerable  extent 
only  in  extremely  dilute  solutions,  and,  on  evaporation,  the  alkaline 
carbonates  formed  are  almost  entirely  reconverted  into  sulphates 
by  the  CaSO^.  The  process  is  entirely  useless  for  the  alkali 
manufacture,  and  Pongowski's  statements  are  quite  erroneous, 
as  I  have  already  stated  in  Dingl.  Journ.  ccxliii.  p.  157. 

By  Strontium  Carbonate. 

Most  of  the  proposals  made  for  barium  carbonate  also  refer  to 
this. 
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By  Barium  Carbonate. 

According  to  Wagner's  '  Regesten/  p.  46,  the  first  experiments 
with  this  were  made  in  1826  by  Kastner  at  Erlangen,  and  that  in 
^:he  dry  way,  but  unsuccessfully;  Anthon,  on  repeating,  in  1840, 
Kastner's  experiments,  was  no  more  fortunate.  Kolreuter  first 
tried  the  wet  way,  in  1828.  He  prescribed  the  precipitation  of 
barium  carbonate  from  a  solution  of  chloride  by  means  of  ammo- 
nium carbonate,  washing  out  the  precipitate,  putting  it  in  the 
rstate  of  paste  into  a  solution  of  sodium  sulphate,  and  boiling  for 
An  hour  with  the  latter.  One  part  of  BaCOa  (calculated  as  dry) 
is  to  decompose  two  parts  of  crystallized  sodium  sulphate,  and  to 
yield  1^  part  of  soda  crystals.  But  it  is  a  fact  that  in  this  way, 
^ven  with  an  excess  of  BaCOs  and  on  boiling,  Na3S04  can  never 
be  completely  decomposed.  This  was  confirmed  in  1832  by 
Erdmann  and  Buchner.  C.  Lennig  in  1851  received  a  patent  in 
several  German  States  for  a  process  of  making  soda  from 
sulphate  by  means  of  barium  carbonate.  In  England  (No.  976, 
1856")  Balmain  and  Colby  again  patented  the  reaction  between 
BaCOg  and  the  alkaline  sulphates,  without  any  essential  innova- 
tion. In  1858  Kessler  again  drew  attention  to  barium  carbonate  ] 
also  Hofacker,  who  started  from  the  erroneous  supposition  that 
BaCOa  and  Na2S04  are  smoothly  and  easily  converted  into  NagCOa 
and  BaSO^.  But  unfortunately  a  large  portion  of  Na^SO^  always 
remains  undecom posed,  at  whatever  temperature  the  operation 
may  be  conducted. 

In  Wagner^s  Jahresb.  1864,  p.  165,  the  experiments  of  Rose  and 
Malagutiin  this  direction  are  mentioned. 

Spring  (Bull.  Soc.  Chim.  xlvi.  p.  299)  found  that  by  briskly 
agitating  an  intimate  mixture  of  anhydrous  sodium  sulphate  and 
dry  barium  carbonate  9*5  per  cent.  BaSO^  was  formed.  By  a 
pressure  of  6000  atmospheres  59  per  cent,  of  BaCOa  was  at  once 
transformed  into  BaSO^,  and  by  grinding  several  times  over  and 
always  pressing  as  before  the  transformation  could  be  brought  to 
30'3  per  cent  in  14  days.  Higher  temperatures  act  in  a  direction 
contrary  to  the  reaction.  [Of  course  experiments  at  a  pressure  of 
6000  atmospheres  have  no  technical  interest.] 

As  late  as  1892  Nauhardt  took  a  French  patent  (No.  223339) 
for  manufacturing  sodium  carbonate  by  digesting  sodium  sulphate 
with  barium  carbonate,  prepared  from  BaS  by  COj. 
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Dr.  O.  Schott  (private  communication)  obtained,  by  melting 
barium  carbonate  and  sodium  sulphate  at  a  strong  heat^  a  fused 
product  which  yielded  with  water  a  strongly  alkaline  liquor  and 
41  residue  of  almost  pure  BaSO^.  The  latter  was  in  a  coarsely 
'crystalline  state^  which  explains  it«  not  being  reconverted  on 
contact  with  the  hot  alkaline  liquor.  But  as  Schott  had  to 
•employ  an  excess  of  sodium  sulphate,  his  process  would  be  useless 
from  that  cause  alone;  and  it  would  certainly  be  more  expensive 
than  the  treatment  in  the  wet  way  with  the  aid  of  carbonic  acid. 

By  Barium  Carbonate  and  Caustic  Lime, 

This  reaction  was  patented  by  Townsend  (No.  3295,  1867). 

Hill  (Chem,  News,  xxvii.  p.  165)  mentions  that  on  boiling 
equivalent  quantities  of  sodium  sulphate,  barium  carbonate,  and 
lime  under  pressure  (but  what  pressure?)  a  complete  conver- 
sion into  caustic  soda  had  been  attained,  but  he  doubts  the 
possibility  of  recovering  the  barium  carbonate  from  the  mixture 
of  barium  sulphate  and  calcium  carbonate  in  an  economical 
way. 

V.  Wartha  (private  communication)  found  this  reaction  to  take 
place  at  the  ordinary  pressure.  On  testing  it  myself,  I  have 
found  that  on  boiling  a  moderately  dilute  solution  of  sodium 
sulphate  with  \\  equivalents  of  precipitated  barium  carbonate  and 
caustic  lime,  the  conversion  into  caustic  soda  was  complete  at  the 
ordinary  pressure.  But  this  does  not  succeed  with  native  barium 
^»arbonate,  and  the  recovery  of  the  BaCOs  from  the  BaS04  would 
cause  much  expense  (comp.  below). 

By  Barium  Bicarbonate, 

An  anonymous  person  obtained  a  patent,  through  H.  Taylor, 
Ne.  13556,  1851.  This  patent  refers  to  barium  and  strontium 
salts,  and  prescribes  the  regeneration  of  their  carbonates  from  the 
sulphates  by  reduction  to  sulphides  and  application  of  CO^ ;  the 
H,S  escaping  is  to  be  burnt  into  S  and  HgO,  or  into  SOj  for  acid- 
chambers.  He  also  mentions  that  the  decomposition  of  the 
sulphates  with  barium  or  strontium  carbonate  is ''  facilitated  '^  by 
a  current  of  COj ;  but  he  was  evidently  not  acquainted  with  the 
necessity  of  this  addition,  nor  does  he  give  any  special  instructions 


208       MANUFACTURE  OF  SODA  FROM  SODIUM  SULPHATE. 

for  carrying  out  the  above-mentioned  reactions^  which  are  merely^ 
mentioned  as  suggestions. 

Much  better  results  are  obtained  by  working  with  barium 
bicarbonate ;  in  this  case  complete  decomposition  can  be  obtained 
with  equivalent  quantities  of  the  two  salts.  In  1857  R,  Wagner 
(Jahresb.  1857,  p.  104)  proved  that  a  clear  solution  of  barium 
bicarbonate,  obtained  by  passing  CO3  (no  doubt  in  great  excess) 
through  BaCOa  suspended  in  water,  decomposes  with  NajSO^  into 
BaS04  and  NaHCOs ;  but  this  process,  considering  the  very  slight 
solubility  of  barium  bicarbonate  (1 :  800  water),  cannot  lay  claim 
to  any  technical  value. 

A  further  step  was  taken  by  Kuhlmann  (Hofmann,  Report  by 
the  Juries,  1863,  p.  32),  who,  on  repeating  Wagner^s  experiments, 
got  better  results  by  employing  a  pressure  of  three  or  four  atmo- 
spheres,  simply   because   then    a   somewhat   more  concentrated 
solution  of  barium  bicarbonate  can  be  obtained.     Very  important 
was  the  remark  made  by  Wagner  in  his  '  Jahresbericht,'  1864^ 
p.  166,  that  complete  conversion  of  BaCOs  into  BaH2(C03)2  is  not 
necessary,  and  that  a  comparatively  slight  proportion  of  the  latter 
may  make  the  decomposition  of  Na^SO^  perfect.     For  all  that,  the 
great  dilution  of  the  liquids  prevented  an  industrial  application  of 
die  process ;  and  this  was  only  approached  by  a  proposal  made  by 
Brunner  (Dingl.  Journ.  clxxvi.  p.  127).     It  consisted  in  dissolving 
1  part  of  sodium  sulphate  in  30  or  40  parts  of  water,  suspending 
in  it  2  parts  of  barium  carbonate  obtained  by  precipitation,  and 
passing  through  the  liquid  at  the  ordinary  temperature  a  current 
of  carbonic  acid,  with  frequent  shaking  or  stirring.     With  a  few 
grams  of  substance  the  decomposition  was  complete  in  an  hour. 
The  resulting  solution   contains,  besides  sodium  bicarbonate,  a 
little  barium  bicarbonate,  which  on  boiling  is  decomposed  into 
COj  and  precipitated  BaCOj.     Of  natural  barium  carbonate,  finely 
ground,  a  large  excess  (about  four  times  the  quantity  of  sodium 
sulphate)  is  required.     In  order  to  prepare  precipitated  BaCOj, 
which  is  more  active,  native  sulphate  of  baryta  was  to  be  ignited 
with  powdered  coal  and  rosin  in  a  crucible,  the  product  lixiviated 
with  water,  and  the  solution    treated  with   CO^.     Any  barium 
sulphide  remaining  in  the  precipitate  does  no  harm,  as  it  is  not 
decomposed  afterwards.    The  carbonic  acid  for  this  process  was  to 
be  prepared  by  means  of  limestone  and  hydrochloric  acid  (sic !)  ;. 
''  but  since  the  quantity  of  HCl  obtained  in  decomposing  the  NaCl 
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18  not  sufficient  for  supplying  the  quantity  of  CO3  required  for  this 
process^  some  more  must  be  made  in  different  ways,  of  which  a 
sufficient  number  are  known '^  (I).  This  statement  plainly  appears, 
in  each  sentence,  to  be  based  on  mere  experiment,  with  complete 
ignorance  of  the  conditions  required  in  practice.  What  should 
be  done  with  the  sulphuretted  hydrogen  is  not  even  hinted  at  by 
Brunner. 

I  myself,  unacquainted  with  either  Taylor's  patent  or  Brunner's 
proposal  (the  latter  of  which  was  only  published  after  I  had 
completed  my  own  labour),  but  incited  by  Wagner's  publications, 
independently  hit  upon  the  plan  of  making  the  process  technically 
possible  by  not  commencing  with  a  solution  of  barium  bicar- 
bonate, but  passing  carbonic  acid  into  a  solution  of  sodium 
sulphate  in  which  barium  carbonate  was  suspended;  the  small 
quantity  of  barium  bicarbonate  formed  would  at  once  decompose 
sodium  sulphate,  and  would  be  removed  from  the  liquid  as  barium 
sulphate,  thus  enabling  the  liquid  to  dissolve  a  further  quantity  of 
barium  bicarbonate,  and  so  forth,  till  all  the  sodium  sulphate  was 
decomposed.  But  in  order  not  to  lose  too  much  carbonic  acid 
and  to  make  the  regeneration  of  barium  carbonate  feasible  ia  an 
economical  way,  a  combination  of  apparatus  and  processes  was 
thought  out,  which  is  described  in  an  English  patent.  No.  1108 
1866,  and  in  the  '  Chemical  News,'  xxyii.  p.  139.  Here  we  shaJl 
only  mention  the  principal  features  very  briefly.  The  CO,  is 
made  by  burning  coke,  or  taken  from  a  lime-kiln,  or  purified  by 
Ozoufs  plan  (that  is,  first  passing  it  through  a  solution  of  sodium 
carbonate,  which  allows  the  indifEerent  gases  to  escape,  and  on 
boiling  gives  ofE  pure  COj).  It  then  passes  through  several  closed 
iron  cylinders,  provided  with  mechanical  agitators,  containing  a 
solution  of  sodium  sulphate  along  with  a  sufficient  quantity  of 
precipitated  barium  carbonate;  when  the  decomposition  is  finished 
in  the  first  cylinder,  the  gas  is  turned  on  to  the  second  cylinder, 
whose  contents  are  partially  finished  whilst  the  first  cylinder  is 
getting  emptied  and  refilled,  and  then  receives  the  gas  issuing 
from  the  other  cylinder.  As,  however,  the  current  of  COj  must 
be  a  strong  one  and  a  good  deal  of  it  escapes  even  from  the  second 
cylinder,  the  gas  is  conducted  through  further  vessels,  in  which  it 
acts  upon  barium  sulphide,  and  thus  the  COj  is  completely  spent ; 
H^S  escapes,  mixed  with  iudifPerent  gases ;  and  BaCOs  ^  precipi- 
tated.   The  latter  is  at  once  utilized  in  the  state  of  mud  in  the 
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first  cylinder.  The  barium  sulphide  is  obtained  from  the  BaS04 
formed  in  the  first  vessels  by  igniting  with  coal  and  lixiviating, 
which  with  proper  apparatus  presents  no  difficulty.  Up  to  this 
stage  I  had  actually  carried  out  the  process  on  a  rather  large 
scale.  For  the  most  difficult  part  of  my  task,  the  utilization 
of  the  H3S,  I  had  in  my  patent  made  several  proposals,  which, 
however,  were  never  practically  tried,  and  which  undoubtedly  coiild 
not  have  been  carried  out  exactly  in  the  way  proposed  on 
any  really  large  scale.  In  my  publication  I  admit  that  my 
process  would  cost  more  for  plant  and  working  expenses  than 
Leblanc's ;  but  a  much  larger  yield  and  much  purer  carbonate  is 
obtained  by  it ;  and  I  thought  it  well  adapted  for  making  such 
pure  alkali,  provided  that  the  difficulty  of  disposing  of  the  sulphu- 
retted hydrogen  could  be  satisfactorily  overcome.  Now-a-days 
•I  should  not  consider  my  own  proposal  able  to  compete,  even 
for  pure  alkali,  with  the  ammonia  process,  which  likewise  supplies 
very  pure  soda. 

Three  years  later  Puissant  patented  something  similar  in  France. 
He  is  silent  on  the  recovery  of  BaCOs;  ^'^^  ^^  suggests  de- 
composing the  solution  of  sodium  bicarbonate  with  lead  sulphate 
into  sodium  sulphate  and  lead  carbonate,  the  latter  to  serve  as 
white  lead  [which  it  cannot  do] .  This  is  properly  only  a  white-lead 
process,  and  that  an  impracticable  one.  Lawrence  Smith  in  1873 
('  Chemical  News,'  xxvii.  p.  310)  described  the  same  process  (with 
barium  carbonate,  carbonic  acid,  and  sodium  sulphate)  as  one  never 
before  described  (1) ;  he  adds  the  proposal  to  prepare  the  alkaline 
carbonates  by  calcining  the  tartrates  or  oxalates,  which  can  be 
obtained  from  barium  carbonate,  sodium  sulphate,  and  the  organic 
acid.  Of  course  this  could  not  be  intended  for  a  technical 
process  at  all. 

Bramley  (Engl.  1050,  1886)  reverts  to  this  process.  He 
starts  with  BaCl2,  obtained  by  a  very  uneconomical  process,  viz. 
reducing  BaSO^  by  coal  and  decomposing  the  BaS  by  an  excess  of 
hydrochloric  acid  (!).  This  he  converts  into  BaCOs  by  treating 
the  solution  with  MgCOg  and  CO3  under  pressure,  heating  and 
agitating  till  the  excess  of  COj  has  been  expelled.  The  solution 
of  MgClg  is  separated  from  the  BaCOs  precipitate,  and  is  treated 
for  the  recovery  of  MgO,  CI,  and  HCl  (which  is  not  yet  economi- 
cally possible).  The  washed  BaCOs  is  tben  decomposed  with 
NajS04  and  COj  in  the  way  already  described.     The  solution  of 
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fiodimn  bicarbonate  formed  is  heated  with  MgO  in  a  closed 
^LgitatoT,  and  thus  sodium  carbonate  and  magnesium  carbonate  are 
f ormedj  the  latter  being  used  as  before. 

[The  introduction  of  the  magnesia  into  this  process  must  make 
it  more  complicated  and  expensive,  without  offeriog  a  corresponding 
advantage.] 

Baranoff  (Engl.  pat.  No.  9555, 1895)  improves  the  method  by 
preparing  barium  sulphide  from  the  sulphide  with  exactly  the 
theoretical  quantity  of  carbon  (thus  producing  a  practically  com- 
plete reduction),  grinding  the  crude  barium  sulphide,  and  directly 
introducing  the  powder  into  a  solution  of  sodium  sulphate,  into 
which  a  stream  of  carbonic  acid  is  immediately  directed.  By 
thus  avoiding  contact  with  air,  very  pure  alkali  is  obtained. 

By  Alumina  as  Baturite  and  by  Ferric  Oxide  respectively. 

Sodium  sulphate  mixed  with  alumina  is  not  decomposed  even 
at  a  white  heat,  but  is  decomposed  if  steam  is  admitted.  In 
'Tilghman^s  patent  of  1847  (see  p.  193)  this  process  was  also  de- 
scribed. Wagner  (Jahresb.  1865,  p.  328)  found  that  on  working 
in  a  muffle  (that  is,  excluding  the  CO3,  which  acts  upon  the  alumi- 
nate),  even  with  three  equivalents  of  AI2O3  to  one  of  Na,S04,  at 
most  only  40  per  cent,  of  the  sulphate  could  be  converted  into 
aluminate,  the  muffle  being  very  strongly  corroded.  Bauxite 
behaves  similarly;  ferric  oxide  acts  better,  but  only  at  an  ex- 
tremely high  temperature,  hardly  obtainable  in  manufacturing- 
practice.  The  soda  of  the  sulphate  is  easily  convertible  into 
aluminate  if  coal  is  added  to  the  mixture  and  then  heat  applied ; 
but  bauxite,  which  always  contains  iron,  cannot  be  used  in  this 
way,  because  with  it  the  well-known  ferro-sodic  sulphide  is  con- 
stantly formed.  The  recommendation  of  the  process  by  Balard 
(Hofmann^  Report  by  the  Juries,  1863,  p.  69)  takes  no  account 
of  this. 

Siermann  (Engl.  pat.  No.  356,  1878)  heats  a  mixture  of  alkaline 
sulphate  with  alumina  in  contact  with  air. 

Bauxite  is  a  connecting-link  between  diaspore  (pure  aluminium 
hydrate)  and  brown  hematite ;  the  more  the  iron  predominates  in 
it,  the  more  the  white  colour  passes  into  brown.  It  was  originally 
found  in  France  near  the  village  of  Les  Baux ;  in  the  departments 
•of  Var  and  of  the  Benches  du  Rhdne^  from  Tarascon  to  Antibes^ 
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a  distance  of  100  miles^  many  deposits  are  foundj  some  of  them 
several  dozens  of  yards  thick.  Deposits  are  also  found  in  th& 
departments  of  the  H^rault  and  the  Ari%e.  Very  good  bauxite  haa 
been  found  at  Hadamar  in  Hessia.  Very  important  deposits  were 
found  by  Flecker  in  the  Austrian  province  of  Krain,  on  the  Sava 
in  Wochein^  and  on  the  Feistritz.  This  mineral^  also  called 
wocheinitCy  is  of  dense  earthy  structure^  whilst  the  varieties 
occurring  in  France^  and  also  in  Ireland  (at  Irish  Hill  and  Straid,. 
CO.  Antrim)^  are  oolitic  conglomerates.  The  analyses  given  below 
and  on  p.  213  exemplify  the  varying  proportions  of  sdumina  and 
ferric  oxide ;  besides  the  constituents  mentioned  here^  the  bauxites 
contain  traces  of  lime,  magnesia,  sulphuric,  phosphoric,  titanic^ 
and  vanadic  acids. 

Irish  Hill  (Spence).  GleniaTel  (Hodges).. 

AljOj  4812  43-44  61-89 

FcgOa  2-36  211  l-96» 

SiO,     7-95  1505  601 

TiO,     ...  2-32 

HjO     40-33  35-70  2782 

98-76  96-30  10000 

Decomposition  of  sodium  sulphate  by  alumina  with  the  assistance 
of  reducing  gases. — ^This  is  the  process  of  C.  R.  Claus,  Engl.  pat.. 
4311,  1891,  already  described  on  p.  195,  as  it  starts  from  NaCl. 

Also  Baker's  patent  (No.  2866,  1870),  according  to  which 
sodium  sulphate  is  heated  with  alumina  and  coal  (comp.  next 
chapter),  might  b^  entered  here. 

Peniakoff  (Germ.  pat.  80063)  ignites  bauxite,  aluminium  sul- 
phate or  other  aluminium  compounds  with  alkaline  sulphates  in 
presence  of  alkaline  sulphides  or  of  pyrites ;  this  is  to  produce 
sodium  aluminate  and  sulphur  dioxide : 

4AJ308+3Na2S  +  9Na«S04=  8Al(ONa)8+ 12S0,. 
11  AljOs  +  6FeSa  +  33Na3S04= 22Al(ONa)3 + 3Fe,0s =45S0,. 

The  SO3  is  best  used  by  mixing  with  air  for  manufacturing 
Na2S04  and  chlorine  [by  the  Hargreaves  process?],  or  is  made  to 
act  on  NaCl  in  presence  of  well-known  oxygen  carriers  like  Ba02 
[in  what  way  ?] . 

Decomposition  of  sodium  sulphate  by  coal,  bauxite,  and  ferric 
oxide. — Sehnke  (Germ.  pat.  7256,  1879)  heats  all  four  materials^ 
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together,  or  first  the  Na2S04  and  coal  by  themselves.  The 
addition  o£  ferric  oxide  is  said  to  greatly  promote  the  reaction,  by 
forming  FeS,  which  is  separated  from  the  alkaline  aluminate  by 
dissolving  this  with  water,  and  is  roasted;  the  resulting  ferric  oxide 
is  used  over  again. 

Fleischer  (Germ.  pat.  62265)  adds  to  1  mol.  Na2S04  1  moL 
alumina  (in  the  shape  of  bauxite),  to  form  Na30,Al30a,  and  rather 
more  than  1  mol.  ferric  oxide  (including  that  already  contained  in 
bauxite) ;  further  at  least  3  mols.  carbon  (as  coal),  to  reduce  the 
ferric  acid  to  FeS,  and  sufficient  limestone  to  provide  2  mol.  CaO 
to  3  mol.  SiOs  (contained  in  the  bauxite),  and  ^  mol.  CaO  to- 
1  mol.  AljOg.  This  mixture  is  to  be  heated  to  a  moderate  red 
heat,  either  in  an  open  furnace,  covered  with  coal,  or  else  in  closed 
vessels ;  when  the  proper  heat  is  once  attained,  half  an  hour 
suffices  for  completing  the  reaction.  The  mass  ia  allowed  to  cool 
down  protected  from  contact  with  air,  so  that  the  FeS  is  not 
burned;  the  alkaline  aluminate  is  then  obtained  by  lixiviatioii, 
and  is  found  to  contain  but  little  sodium  sulphide  and  traces  of 
lime.  The  patent  describes  its  purification  and  the  preparatioa 
of  alumina  therefrom. 

Instead  of  decomposing  the  sodium  aluminate  by  COs,  in  which 
case  a  modification  of  alumina  not  easy  soluble  in  acetic  acid  is 
formed,  Lowig  Brothers  (German  patent  No.  93, 1877)  add  milk  of 
lime  to  an  aqueous  solution  of  sodium  aluminate,  whilst  heating  it, 
till  the  liquid  has  become  completely  caustic  and  all  the  alumina  i» 
precipitated ;  then  caustic  alkali  remains  in  solution,  and  a  perfectly 
insoluble  compound  of  Al^Os  with  3CaO  is  precipitated.  The 
latter  is  separated  from  the  caustic  lye,  divided  into  two  equal  parts, 
one  half  is  completely  dissolved  in  hydrochloric  acid,  while  the  other 
half,  made  into  a  cream  with  water,  is  added  until  a  filtered  sample 
shows  slight  traces  of  alumina  in  solution.  Calcium  chloride  passes 
into  solution ;  and  a  modification  of  aluminium  hydrate  remains^ 
behind,  which  is  well  adapted  for  decolorizing,  especially  sugar- 
liquors,  and  is  also  readily  soluble  in  acetic  acid.  An  additional 
patent.  No.  1650,  describes  the  preparation  of  sodium  aluminate 
from  bauxite  or  (more  correctly)  cryolite;  but  as  it  starts  from 
fusion  with  sodium  carbonate,  and  its  proper  object  is  the 
preparation  of  pure  alumina  along  with  caustic  soda,  we  must 
refer  to  the  patent  itself.  The  reactions  employed  in  Lowig's. 
process  are: — 
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I.  NaeAl20fl+3Ca(OH),=6NaOH  +  Ca3Al,0«. 
11.  CajAlA  +  12HCl=3CaClj+2Al,Cle+6H,0. 
III.  CaaAljOe + Al^Cl^  +  6H3O = SCaCl, + 2 Alj,  (OH)fl. 

By  Silica. 

Water-glass  (sodium  silicate)  was  long  since  made  by  melting 
together  sand^  sodium  sulphate^  and  coal^  SO2  escaping ;  but  as 
the  material  of  the  furnaces  was  quickly  destroyed^  most  manu- 
facturers prefer  making  water-glass  by  fluxing  sand  with  sodium 
carbonate.  From  the  water-glass^  by  introducing  GO^^  an  aqueous 
solution  of  sodium  carbonate  can  be  obtained,  but  much  more 
expensively  than  by  Leblanc's  process ;  for  the  f urnace-process  is 
not  done  away  with^  and  carbonic  acid  is  not  to  be  had  for  nothing. 
The  proposal  to  employ  the  separated  silica  over  again  for  de- 
composing sulphate  does  not  mend  matters^  since  ordinary  sand 
will  do  as  well.  From  the  solution  of  water-glass  also  caustic 
soda^  along  with  calcium  silicate,  can  be  obtained  by  boiling  with 
lime.  One  of  the  greatest  difficulties  in  this  process  is  the  washing 
of  the  gelatinous  hydrate  of  silica.  The  separation  of  the  calcium 
silicate  from  the  caustic  lye  is  said  to  be  less  difficult :  but  here  also 
great  difficulties  must  exist ;  for  this  seemingly  advantageous  plan 
for  making  caustic  soda  is  not  employed,  although  it  has  been 
known  for  generations.  In  February  1874  the  St.-Gobain  Company 
took  out  a  French  patent  for  this  old  process.  It  prescribe 
melting  71  parts  of  sodium  sulphate,  80  parts  of  Fontaineblcau 
sand,  and  8  or  9  part«  of  small  coal  in  a  closed  crucible,  dissolving, 
aud  making  from  the  solution  either  sodium  carbonate  by  means  of 
CO3,  or  caustic  soda  by  means  of  lime.  The  SO3  escaping  during 
the  melting  is  to  be  used  in  sulphuric-acid  making  (but  how,  in  the 
presence  of  carbonic  acid?).  It  is  almost  needless  to  say  that  this 
process  has  not  been  carried  out  to  any  great  extent. 

By  Lead  or  Zinc  Compounds, 

Baudrimont  and  Felouze  noticed  1833  (Wagner's  '  Begesten,' 
p.  53)  that,  on  heating  sodium  sulphate  with  galena  in  the 
presence  of  silica,  sodium  plumbate  (NasPbO^)  was  formed. 
How  this  reaction  is  to  be  practically  carried  out  is  not  stated  in 
our  authority ;  but  the  addition  is  made  that  blende  may  be 
substituted  for  galena. 
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Closson  (Engl.  pat.  5481,  1882)  treats  a  hot  solution  of  sodinm 
sulphate  with  milk  of  lime  and  plumbic  oxide,  precipitates  the 
dissolved  lead  by  sodium  carbonate  or  sulphide,  or  by  electrolysis^ 
and  separates  the  undecomposed  sulphate  during  the  evaporation 
of  the  liquor. 

By  Hydrogen  Fluoride. 

Among  the  three  new  alkali-making  processes  which  Weldon 
patented  as  No.  628,  1866,  there  is  one  employing  hydrofluoric 
acid,  which  comprises  the  following  stages  :  —  Ist.  Sodium 
chloride  and  magnesium  sulphate  are  mutually  decomposed, 
either  in  the  dry  way  or,  better,  by  mixing  their  solutions  and 
cooling  down  to  —4^  C. ;  sodium  sulphate  crystallizes  out ;  and  the 
mother  liquor,  by  boiling  down  the  MgCl2  and  heating,  is  decom- 
posed into  MgO  and  HCl  [incompletely  !]  2nd.  The  Na^SO^  is 
treated  with  aqueous  solution  of  HFl,  which  causes  the  formation 
of  hydrosodic  sulphate  and  sodium  fluoride : 

NajSOi  -h  HFl  =NaHS04 + NaFL 

The  treatment  takes  place  in  the  cold  in  a  suitable  vessel  lined 
with  lead  or  gutta-percha  &c.,  and  is  finished  by  stirring  for  a 
few  minutes ;  NaFl  settles  down  as  a  dense  precipitate;  NaHS04 
remains  in  solution.  8rd.  This  NaFl  is  decomposed  by  the 
magnesia  obtained  in  1,  by  boiling  in  an  aqueous  solution,  caustic 
soda  and  magnesium  fluoride  being  thus  formed  : 

2NaFl + MgO  +  HjO = 2NaOH  -f  MgFl,. 

4th.  The  MgFls  from  the  3rd  operation  is  decomposed  by  the 
NaHS04  from  the  2nd  into  magnesium  sulphate,  hydrofluoric  acid, 
and  sodium  fluoride : 

2MgFl3 + 2NaHS04 = 2MgS04 + 2NaFl  +  2HF1. 

This  also  is  said  to  take  place  at  a  slightly  elevated  temperature ; 
and  ''thus  all  the  materials,  except  salt  and  coal,  are  recovered'^ 
[in  theory]. 

The  following  is  mentioned  as  a  still  shorter  method : — 1st. 
Sodium  fluoride  is  decomposed  by  superheated  steam  into  caustic 
soda  and  hydrofluoric  acid, 

NaFl+H30=NaOH  +  HFl. 
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2nd.  As  in  the  2nd  stage  of  the  preceding^  sodium  sulphate  is 
decomposed  with  the  HFl  from  No.  1  into  hydrosodic  sulphate 
and  sodium  fluoride^  the  latter  serving  again  for  the  1st  operation, 
drd.  The  hydrosodic  sulphate  is  by  common  salt  decomposed  into 
sodium  sulphate  and  hydrochloric  acid^  and  the  former  employed 
for  the  2nd  operation  : 

NaCl  -h  NaHSO^ =Na3S04  +  HCl. 

Neither  of  these  plans  has  founds  or  is  likely  to  find^  any  prac- 
tical application. 

According  to  Jean  (Compt.  Bend.  Ixvi.  p.  801),  by  melting  100 
parts  of  fluorspar  with  140  of  calcium  carbonate,  200  sodium 
«nlphate^  and  coal  in  excess,  a  mass  can  be  obtained  which  on 
lixiviation  yields  a  clear  solution  of  NaFl,  free  from  Na^S^ 
according  to  the  equation : 

2CaFla + 2Na3S04 + 2CaC0B + 13C = 4NaFl  +  CaO 
+2CaS  +  13CO. 

£Thi8  equation  is  wrong ;  but  we  might  put  it 

2CaFl,  -f  2NajS04 + CaCOa  -f  9C = 4NaFl  +  CaO 
+  2CaS  +  10CO.] 

The  sodium  fluoride  is  easily  obtained  in  the  pure  state  by 
evaporation  and  crystallization.  Experiments  made  in  my  labora- 
tory showed  that  but  little  sodium  fluoride  is  formed,  and  that  it 
•can  be  obtained  in  a  pure  state  only  in  the  first  lixiviation ;  the 
next  washing  always  contains  more  sodium  sulphide,  generated  by 
the  reaction  of  the  sodium  carbonate^  formed  at  the  same  time, 
upon  calcium  sulphide  in  the  presence  of  air. 

By  Calcium  Phosphate. 

Simpson  (Engl.  pat.  18835,  1890)  dissolves  tricalcium  phos- 
phate in  hydrochloric  acid  of  spec.  grav.  1*05  and  decomposes  the 
^ution  with  sodium  sulphate  (or  bisulphate).  The  solution  is 
separated  from  the  calcium  sulphate  and  is  boiled  down  to  the 
•consistency  of  a  paste,  whereby  weak  hydrochloric  acid  escapes ; 
the  remainder  of  the  HCl  is  removed  on  heating  in  a  muffle* 
furnace  and  is  condensed.  The  mass  formed  in  the  furnace  is  a 
fused  mixture  of  sodium  phosphate  and  chloride,  which  is  run 


218  MANUFACTURE  OF  SODA  FROM  SODIUM  SULPHATE. 

into  water :  thus  a  solution  of  spec.  gray.  1'3  or  1*35  is  obtaiued^ 
which  is  allowed  to  cool^  when  the  sodium  phosphate  crystallizes 
out.  It  is  re-dissolved  to  spec.  gray.  1'13  and  is  causticized  by 
lime:  thus  caustic  soda  is  formed,  together  with  insoluble  tri<^ 
calcium  phosphate^  which  returns  into  the  process.  It  is  also 
possible  to  obtain  dicalcium  phosphate^  by  dividing  the  process 
into  two  stages.  The  calcium  sulphate  contains  a  little  phosphate, 
and  is  either  employed  as  manure^  or  is  transf(M*med,  by  heating 
with  coal,  into  sulphide^  which  is  converted  into  soluble  sulphy- 
drate  in  the  usual  way,  and  is  then  separated  from  the  insoluble 
calcium  phosphate. 

Ody  (Engl.  pat.  5425,  1892)  describes  nothing  but  the  well, 
known  precipitation  of  CaSO^  from  Na^SO^  with  monocalcium 
phosphate ;  the  sodium  phosphate  formed  is  to  be  treated  with  lime, 
in  order  to  form  NaOH  and  recovered  tricalcium  phosphate. 

Basset  and  Baranoff  (Engl.  pat.  21447,  1894)  also  decompose 
monocalcium  phosphate  by  sodium  sulphate  into  sodium  phosphate 
and  calcium  sulphate,  and  again  the  sodium  phosphate  by  caustic 
lime  into  caustic  soda  and  tricalcium  phosphate. 

The  novelty  of  their  process  consists  in  the  preparation  of  the 
initial  substances.  They  heat  calcium  sulphate  and  sulphite  with 
carbon  in  a  retoi*t,  collecting  the  COg.  The  residual  CaS  is 
decomposed  by  this  CO^  in  the  moist  state,  and  the  H^S  evolved 
thereby  is  burned,  collecting  the  SOs  in  a  gas-holder.  This  80% 
is  partly  utilized  for  converting  common  salt  mixed  with  porous 
substances  into  Na^SO^  by  a  process  similar  to  Hargreaves',  and 
partly  for  decomposing  tricalcium  phosphate  into  soluble  mono- 
calcium  phosphate  and  calcium  sulphate.  The  latter,  together 
with  the  calcium  sulphate  previously  obtained,  is  again  converted 
into  calcium  sulphide  as  first  described. 

By  Aluminium  Phosphate. 

G.  E.  Davis  (Joum.  Soc.  Arts,  1877,  p.  633)  ignites  commercial 
aluminium  phosphate  (Redondo  phosphate)  with  sand,  saltcake,. 
and  small  coal,  utilizing  the  escaping  SO^  [which  will  prove 
practically  impossible].  Thus  sodium  aluminium  silicate  and 
sodium  phosphate  are  formed  : 

AIPO4 + 2Na3S04  +  2C  +  SiO,  «  Na  AlSi04 
+  NaaPO^ + 2S0,  +  2CO. 
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By  lixiviation  trisodium  phosphate  is  obtained,  coloured  green  by 
ferro-sodium  sulphide;  it  is  converted  into  ordinary  disodium 
phosphate  by  phosphoric  acid,  or  by  lime  into  caustic  soda,  or  by 
calcium  carbonate  into  sodium  carbonate.  The  calcium  phosphate 
was  to  be  sold  as  manure.  [The  soda  contained  in  the  insoluble 
sodium  aluminium  silicate  would  have  been  entirely  lost.] 

By  Calcium  Bisulphite. 

Gutzkow  (Engl.  pat.  4122^  1879)  precipitates  calcium  sulphate- 
by  sodium  sulphate  from  a  solution  of  calcium  bisulphite.  By 
distilling  the  solution  of  sodium  bisulphite  half  of  the  SO^  is^ 
liberated ;  the  residual  sodium  sulphite,  treated  with  caustic  lime,, 
yields  caustic  soda  and  again  calcium  sulphite. 

Gutzkow  has  made  some  communications  on  his  process  in 
Dingl.  Joum.  ccxxxvi.  p.  148.  The  distillation  of  the  solution  of 
sodium  sulphite  had  to  be  abandoned,  owing  to  troublesome 
incrustations  of  calcium  sulphite  and  the  slowness  of  the  operation^ 
Instead  of  this^  milk  of  lime  was  added  to  the  solution,  thus 
forming  a  solution  of  caustic  soda,  still  containing  sodium  sulphite 
and  sulphate,  together  with  a  precipitate  of  CaSOs,  which  i& 
returned  into  the  process  by  mixing  it  with  Na3S04  and  passing 
SOs  into  the  mixture.  [This  process  may  have  been  successful 
under  very  special  conditions,  where  the  removal  of  SO3  is  the 
principal  object;  but  it  is  obviously  not  fit  for  general  use.] 

By  Calcium  Oxalate. 

J.  J.  Alsberge  (private  communication,  July  1893)  decomposes 
sodium  bisulphate  with  calcium  oxalate,  separates  the  CaSO^  from 
the  acid  sodium  oxalate,  and  decomposes  this  by  lime  into  caustic 
soda  and  calcium  oxalate,  which  is  used  over  again. 

By  Phenol. 

Staveley  (Engl.  pat.  17657,  1887)  produces  from  the  crude 
phenols,  obtained  in  the  distillation  of  coal-tar  or  from  blast- 
furnace gases,  a  solution  of  calcium  carbolate  and  cresylate,  which 
with  sodium  sulphate  yields  a  precipitate  of  CaSO^;  the  phenols 
remain  in  solution  as  sodium  salts,  and  these  are  decomposed 
by  carbonic  acid.      After  settling,  two  layers  are  found  to  be 
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formed — at  the  bottom  a  solution  of  sodium  carbonate  containing 
1  or  2  per  cent,  phenols^  and  above  it  a  layer  of  liquid  phenols, 
which  is  used  as  before.  The  inventor  has  described  his  process 
in  detail  in  Joum.  Soc.  Chem.  Ind.  1888^  p.  807^  and  there  states 
that  the  decomposition  of  Na2S04  by  calcium  phenolates  can  be 
carried  to  96  per  cent.  He  also  states  means  for  reducing  the 
loss  of  phenols  to  the  smallest  possible  amount,  but  he  admits 
that  such  a  loss  cannot  be  entirely  prevented,  and  that  conse- 
quently his  process  is  more  expensive  than  the  Leblanc  process, 
except  for  utilizing  otherwise  worthless  solutions  of  sodium 
sulphate. 

The  Chemische  Frabik  Griinau  (Germ.  pat.  48270)  describes  a 
a  very  similar  process  for  converting  alkaline  sulphites  and  sul- 
phates into  carbonates  by  means  of  phenol,  cresol,  a-  and  /3- 
naphthols. 

By  Calcium  Saccharate. 

Closson  (Engl.  pat.  1721,  1881)  decomposes  alkaline  sulphates 
by  calcium  saccharate  into  calcium  sulphate  and  alkaline  saccha- 
rate ;  the  latter  is  decomposed  by  COj  into  alkaline  bicarbonates 
and  sugar,  which  is  to  be  used  over  again  [!] . 

By  Calcium  Acetate,  8fc. 

Frerichs  (Engl.  pat.  9793, 1890)  adds  calcium  acetate  to  Na5jS04, 
fflters  from  the  CaS04,  and  submits  the  sodium  acetate  to  destruc- 
tive distillation,  in  which  acetone  is  given  off  and  sodium  carbonate 
remains  behind.  The  decomposition  by  calcium  acetate  was  pro- 
posed as  early  as  1778  by  Crell,  in  1822  by  Millet,  afterwards 
by  MoUerat  and  Fayen  and  by  Lampadius.  Kir  wan  in  1789 
proposed  lead  acetate,  Anthon  in  1842  barium  acetate  (Wagner's 
^  Regesten,'  p.  45) . 
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CHAPTER   XIII. 

MANUFACTIJEE  OF  SODA  FROM  SODIUM  SULPHATK 
AFTER  REDUCING  IT  TO  SULPHIDE. 

I.  Without  separating  Sulphide  as  such. 

By  merely  heating  sodium  sulphate  mth  coal  it  was  formerly 
believed  that  soda  could  be  manufactured.  At  a  very  early 
period  a  sulphide  containing  carbonate  was  thus  obtained^  which 
by  lixiviating,  boiling  down,  fishing  out,  and  again  calcining  was- 
made  richer  in  carbonate.  This  process  is  described  in  a  notebook 
of  Tennant's  works,  dating  from  1800  (Mactear,  Report,  p.  18) . 
According  to  a  paper  of  Mactear^s  in  the  ^  Journal  of  the  Chemical 
Society,^  1878,  vol.  ii.  p.  476,  Liebig  proposed  to  the  same  firm,  by 
a  letter  dated  July  11,  1839,  heating  of  sulphide  with  coal  to 
800°  C»  as  the  best  of  all  soda-making  processes ;  he  stated  that 
first  oxalate  and  acetate  were  formed,  and  these  on  heating  passed 
over  into  carbonate.  Berzelius,  Graham,  and  Gay-Lussac  approved 
the  process:  the  latter  made  experiments  on  a  large  scale  at 
Chauny ;  others  were  made  at  St,  Rollox ;  but  in  neither  case 
was  success  obtained.  Liebig  is  said  to  have  ascribed  this  to  the 
fact  that  the  decomposition  takes  place  in  another  way  than  that 
which  he  had  imagined  at  first,  viz.  : 

2NajS04 + 4C = NaaCOs -f  NajSj + 2C0,  +  CO. 

Gossage  (Engl.  pat.  8295,  1869)  tried  to  obtain  caustic  soda  by 
running  melted  sodium  sulphate  through  red-hot  coke;  the  sulphur 
was  to  escape  in  the  free  state,  and  to  be  condensed  as  such. 

By  Calcium  Carbonate  and  Coal. 
This  is  Leblanc's  process. 
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By  Barium  Carbonate  and  Coal. 

G.  Keinar  (Wagner's  Jahresb.  1858,  p.  118,  1864,  p.  167) 
proposed  employing  this  instead  of  calcium  carbonate  for  Leblanc's 
process  in  countries  where  native  barium  carbonate  '^  occurs  in 
very  large  quantities/'  in  the  proportion  of  100  sulphate^  200 
BaCOs,  and  75  bituminous  coal.  The  residue  from  lixiviation, 
consisting  of  (hypothetical  I)  barium  oxysulphide,  thiosulphate, 
and  carbonate,  was  to  be  worked  for  baryta  salts.  From  the  outset, 
as  Hofmann  ('  Report  by  the  Juries,'  p.  32)  justly  says,  it  is  not 
apparent  what  is  to  be  gained  by  replacing  calcium  carbonate  by 
a  compound  having  more  than  thrice  its  atomic  weight,  entailing 
the  heating  and  manipulation  of  a  much  greater  weight  and  bulk 
of  material,  merely  to  obtain  compounds  less  adapted  than  native 
barium  carbonate  for  the  preparation  of  other  barium  salts.  [The 
ratio  of  the  atomic  weights,  however,  is  strongly  exaggerated  here ; 
the  atomic  weight  of  BaCOa  is  not  "  more  than  thrice  "  as  much 
as  that  of  CaCOs,  but  as  397  to  100;  and  only  this  proportion, 
not  that  between  the  elements  Ba  and  Ca,  can  be  taken  into 
account  here.]  Reinar's  proposal  is  further  vitiated  by  the  same 
error  which  has  rendered  many  other  proposals  in  the  '^  baryta 
industry ''  abortive,  viz.  the  assumption  that  native  barium  car- 
bonate occurs  anywhere  in  "  very  large  quantities,''  approaching 
those  of  limestone.  The  only  known  larger  deposits  near  Hexham 
in  Northumberland  are  already  exhausted  to  a  great  extent ;  the 
price  of  anything  like  a  good  quality,  delivered  at  Newcastle,  is  at 
least  ten  times  as  much  as  that  of  limestone  even  in  less  favour- 
ably situated  places.  Moreover,  in  this  special  case  Wagner  (his 
Jahresb.  1858,  p.  168),  even  when  employing  twice  the  quantity  of 
barium  carbonate,  in  experiments  on  a  small  scale,  obtained  very 
unsatisfactory  results,  especially  very  much  sulphide  in  the  liquors. 

By  Iron  or  Ferric  Oxide  with  Heat. 

We  have  already  seen  (Vol.  II.  p.  446)  that  Malherbe's  soda- 
making  process  of  1778  is  founded  upon  this  principle.  This 
process  is  also  known  as  Alban's,  because  Alban  carried  it  out 
as  a  manufacture.  He  fluxed  sodium  sulphate  with  coal  to  form 
sulphide,  and  added  scrap  iron ;  the  mass  of  iron  sulphide  and 
caustic  soda,  formed  with  the  assistance  of  the  oxygen  in  the  fire- 
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^as^  was  exposed  to  the  air  till  it  fell  to  powder^  and  then  lixiviated. 
In  1828  F.  E.  Siemens^  at  Pyrmont^  made  soda  on  the  large  scale 
by  a  similar  process ;  bat  he  decomposed  the  Na^S  by  a  mixture 
of  manganese  peroxide  and  iron  (Wagner's  'Regesten/  p.  36). 
This  process  forms  the  natural  transition  to  that  of  E.  Kopp^  who 
changed  the  original  process  of  Malherbe  only  so  far  as  to  add 
ferric  oxide  instead  of  metallic  iron^  which  had  first  to  be  oxidized 
by  the  fire-gases.    He  certainly  also  aimed  at  utilizing  the  sulphur 
of  the  sulphate,  of  which  Malherbe  says  nothing.     Patents  were 
taken  out  by  Blythe  and  Kopp,  No.  2119,  1854,  and  No.  340, 
1855 ;  and  the  process  was  actually  employed  for  some  time  at  the 
works  of  Messrs.  Blythe  and  Benson  at  Church  near  Manchester. 
It  was  soon,  however,  given  up  again  as  useless.     Kopp  himself 
has  described  it  at  length  (Ann.  Chim.  Phys.,  Sept.  1856,  p.  21) : — 
^^  125  kilog.  Hry  sodium  sulphate  are  mixed  with  80  kilog.  ferric 
oxide  (for  the  first  operations  in  the  shape  of  native  iron-ores,  or 
smiths'  scales,  or  even  metallic  iron,  afterwards  as  recovered  ferric 
oxide)  and  with  55  kilog.  of  small  coal.     In  no  case  ought  less 
than  5  parts  FcjOs  to  be  present  to  9  parts  of  dry  Na2S04.     The 
mixture  is  worked  in  an  ordinary  black-ash  furnace ;  it  exhibits 
about  the  same  appearances  as  a  batch  of  Leblanc  black  ash,  and, 
in  a  fiery  molten  state,  is  drawn  into  an  iron  bogie,  where  it  is 
xjovered  and  cooled,  yielding  a  very  dense  evenly  crystalline  mass, 
of  a  coppery  lustre  on  the  surface.    It  cannot  be  lixiviated  directly, 
because  it  swells  up  very  much  and  yields  green  badly  setding 
liquors  containing  much  caustic  and  sulphide.     But  lixiviation  ia 
easy  if  the  balls  are  first  allowed  to  fall  to  pieces  in  the  air  under 
the  influence  of  its  oxygen  and  carbonic  acid — still  more  so  if  cold 
moist  carbonic  acid  (from  a  coke-oven)  is  admitted  into  a  brick 
chamber,  in  which  the  balls  rest  on  an  iron  grating,  the  powder 
falling  through  the  same.     A  ball  of  250  kilog.  requires  one  cubic 
metre  of  space,  8  to  10  days'  time,  and  about  10  kilog.  coke  for 
falling.  Now,  on  lixiviating  with  water  at  SOP  to  40°  C,  a  perfectly 
clear  solution  of  carbonate  is  obtained,  along  with  a  heavy  pre- 
cipitate consisting  mostly  of  iron  sulphide  [and  soda].    The  liquor, 
without  any  boiling  down,  yields  very  good  soda  crystals,  or  by 
evaporating  to  dryness  and  calcining  can  be  converted  into  ash 
containing  from  80  to  95  per  cent.  NagCOa.    The  FeS  is  drained 
and  pressed  into  bricks ;  if  at  all  dry,  it  takes  fire  even  below 
100°  C,  and  bums  like  tinder.     It  is  roasted  on  cast-iron  plates, 
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but  better  in  a  muffle ;  the  SO2  is  conveyed  into  a  vitriol-chamber^ 
and  the  sulphuric  acid  made  from  it  used  for  preparing  sulphate  p 
the  residue  of  ferric  oxide  is  employed  over  again  in  the  first 
process.  It  contains  still  one-third  of  all  the  soda  employed ;  but 
this  is  not  lost,  as  it  is  recovered  on  re-employing  the  ferric  oxide. 
Only  the  mixing  proportions  must  be  altered  in  that  case — say,  to- 
125  kilog.  sulphate,  140  kilog.  recovered  ferric  oxide,  70  to  75  kilog. 
coal.  The  oxides  of  manganese  or  zinc  may  also  be  used,  but  less 
advantageously.''     Kopp  represents  the  reaction  thus : — 

I.  2Fe303  +  3Na3S04 + 16C = Fe^NagSs  +  14C0 + 2CO2 ; 
II.  Fe^NaeSs + 20  +  2C0, = Fe^Na^Sg + 2Na3C03. 

On  oxidizing  Pe^NajSa  in  the  damp  air  and  calcining,  there  are 
formed  (leaving  out  intermediate  products)  : — 

III.  Fe4Na3S3  + 140 = 2Fe203 + Na^SO^ + 2SO2. 

Kopp's  process  was  soon  after  thoroughly  investigated  by  Stro- 
meyer  in  his  laboratory  (Ann.  Chem.  Pharm.  cvii.  p.  333),  and,  on 
the  whole,  received  a  favourable  judgment.  He,  however,  entirely 
disagrees  with  Kopp's  theoretical  explanations,  especially  touching 
the  part  played  by  oxygen,  the  action  of  which  is  even  injurious, 
especially  by  the  formation  of  thiosulphate,  overlooked  by  Kopp. 
The  liquor  obtained  from  the  melted  mass  contains,  beside  sodium 
sulphide,  hydrate  and  carbonate.  Stromeyer  states  that  the  for- 
mula of  the  double  sulphide  arising  in  the  process  is  Fe^NajSy 
[Kopp,  in  Wurtz's  '  Dictionnaire,'  ii.  p.  1578,  adopts  the  same  for- 
mula, and  thus  gives  up  his  own] ;  with  water  it  forms  a  black 
jelly  possessing  extremely  emulsive  properties.  It  is  decomposed 
by  moisture  and  carbonic  acid;  and  then  with  water  a  non-emul- 
sive clear  solution  of  almost  pure  sodium  carbonate  is  obtained ; 
the  precipitate,  however,  always  retains  Na^S  in  variable  quantity. 
On  treatment  with  CO2  much  H2S  is  always  given  off;  Kopp^s 
second  equation,  therefore,  cannot  be  right,  and  much  sulphur 
must  be  lost.  As  the  result  of  his  many  experiments,  Stromeyer 
proposes  only  employing  1  molecule  of  FcjOj  (80)  to  3  of  sodium 
sulphate  (213) ;  further,  to  work  in  furnaces  with  cast-iron  bot- 
toms, because  the  fluxing  mass  strongly  acts  upon  fireclay,  and  to 
employ  CO2  as  free  as  possible  from  oxygen. 

Perhaps  in  consequence  of  Stromeyer's  paper,  and  of  the  exact 
description   given   by  Kopp  himself,  this  process  excited  much 
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attention  and  raised  far  greater  expectations  of  success  than  most 
other  processes  hitherto  known.  It  was  expected  that  in  this  way 
the  sulphur,  which  in  Leblauc's  process  is  lost^  could  be  continually 
reintroduced  into  the  process.  But  abeady  in  1863  (Report  by  the 
Juries^  p.  31)  Hofmann  points  out  that  Kopp^s  process,  ^'  although 
irreproachable  so  far  as  regards  the  conversion  of  sodium  sulphate 
into  carbonate  [this  is  certainly  not  the  case  !],  yet  is  very  defec- 
tive with  respect  to  the  re-utilization  of  the  sulphur ;  his  sulphide 
of  iron  contains  too  much  sodium  sulphide  to  yield,  when  burnt. 
any  considerable  quantity  of  SOs,  which^  moreover,  is  accompanied 
by  an  enormous  bulk  of  nitrogen^  corresponding  to  the  oxygen 
combining  with  the  iron  and  the  sodium  sulphide.  Its  utilization 
in  yitriol-chambers  would  be  out  of  the  question.^^  Kopp  (apud 
Wnrtz),  in  referring  to  his  own  process,  reproduces  Hofmann^s 
opinion  without  any  remark,  and  thus  makes  it  his  own,  adding 
that  since  the  discovery  of  processes  for  recovering  sulphur  from 
tank- waste  the  motive  for  his  process  had  ceased  to  exist. 

According  to  experiments  made  by  Waldeck  (Dingl.  Joum. 
cxcii.  p.  417),  not  only  fireclay,  but  also  cast-iron,  which  Stromeyer 
had  recommended  for  the  furnaces,  is  acted  upon  ^^in  a  truly 
frightful  way^' j  nor  coidd  lining  the  crucibles  with  a  mixture  of 
powdered  coke  and  tar  protect  them.  The  original  percentage  of 
iron  in  the  mixture  is  increased  fourfold  by  that  action.  Even 
this  would  make  Kopp's  process  practically  impossible ;  but  another 
point  must  be  regarded,  which  is  only  incidentally  touched  upon 
by  Waldeck  when  stating  that  the  yield  of  soda  from  the  fluxed 
mass  was  only  9*4  per  cent,  instead  of  36  per  cent.  The  author 
of  this  work,  who  in  1865  made  a  long  series  of  experiments  with 
Kopp's  process  in  a  furnace  specially  built  for  the  purpose,  came 
to  the  conclusion  that  the  process  was  impracticable,  because  not 
merely  does  one-third  of  the  soda  always  remain  in  the  insoluble 
residue,  as  admitted  by  Kopp  himself,  but,  under  the  ordinary 
conditions  of  a  reverberatory  furnace,  the  re-formation  of  sulphate 
in  the  batch  cannot  be  avoided ;  owing  to  this,  the  conversion  of 
the  sulphate  into  carbonate  is  so  incomplete.  Experiments  in 
closed  crucibles  succeeded  better.  In  this  case  soda-ash  testing 
95  per  cent,  carbonate  could  be  obtained ;  but  the  yield  was  always 
bad.  The  treatment  with  CO3  had  always  to  take  place  as  much 
as  possible  in  the  absence  of  air;  otherwise  very  much  thiosulphate 
was  formed.     In  spite  of  its  notorious  failure,  Kopp's  process  was 
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for  a  long  time  (and  in  some  treatises  published  only  quite 
recently  it  is  still)  stated  to  be  a  most  hopeful  one^  which  might 
possibly  drive  Leblanc's  out  of  the  field — and  this^  although  the 
only  important  advantage  claimed  for  it  over  that  of  Leblanc,  viz. 
the  recovery  of  the  sulphur,  was  already  denied  by  Hofmann  and 
given  up  by  Kopp  himself.  Looking  at  the  extremely  bad  yield 
and  the  destructive  corrosion  both  of  fireclay  and  iron  by  the  fluxing 
mixture^  no  future  can  be  predicted  for  Eopp's  process. 

A  modification  of  the  ferric-oxide  process,  returning  to  some 
extent  in  the  direction  of  Malherbe's,  was  patented  by  Bowron 
and  Robinson  as  No.  3044,  1863.  ''First  sodium  sulphide  is 
to  be  made,  and  then  ferric  oxide  introduced.^'  The  principal 
intention  was  that  of  making  the  more  valuable  caustic  soda.  The 
author,  who  had  to  conduct  the  trials  for  carrying  out  this  process 
on  a  manufacturing  scale,  convinced  himself  of  its  uselessness. 
Whatever  conditions  of  work  might  be  observed,  there  always 
remained  a  large  quantity  of  sodium  sulphide  undecomposed. 
This  could  be  removed  by  boiling  with  MnO^;  but  it  only  changed 
into  thiosulphate,  which  cannot  be  separated  from  caustic  soda  by 
crystallization.  The  removal  of  the  thiosulphate  by  barium  chlo- 
ride (Bobinson^s  patent,  2801,  1865)  proved  quite  impracticable. 
Besides,  a  great  deal  of  sodium  sulphate  and  carbonate,  and  in  the 
residue  much  undecomposed  sulphide,  were  present;  the  latter,  as 
in  Kopp's  process,  was  to  be  turned  to  use  by  burning  and  em- 
ploying the  residue  again ;  but  this  failed,  from  the  same  causes. 

Macfarlane  (Engl.  pat.  126,  1868)  ignites  dried  copperas  with 
salt  in  a  current  of  air ;  chlorine  escapes,  and  a  mixture  of  sodium 
sulphate  and  ferric  oxide  remains,  which  is  mixed  with  coal  and 
worked  up  as  in  Kopp's  process  ;  the  hearth  employed  is  of  quick- 
lime mixed  with  slightly  basic  slags  and  impregnated  with  sodium 
sulphide  by  melting  a  mixture  of  sulphide  and  coal  upon  it.  The 
batch  is  treated  as  in  Kopp's  process ;  the  remaining  sulphide  of 
iron  is  oxidized  to  copperas  in  moist  air  [which,  it  is  well  known, 
only  takes  place  very  incompletely]  ;  and  this  is  employed  again  for 
calcining  with  salt.  Hargreaves  and  Robinson  (patents  2982  and 
8032,  1872,  and  764,  1878)  add  to  Leblanc's  mixture  ferric  oxide, 
flux  it  in  crucibles  with  holes  in  the  bottom,  lixiviate  the  mass, 
oxidize  by  exposure  to  the  air  the  iron  sulphide  formed,  and 
extract  the  product  by  hydrochloric  acid.  Afterwards  they 
patented  mixing  saltcake  and  coal  with  a  salt  of  iron,  manganese. 
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or  zinc^  heating  up  to  the  formation  of  a  coherent,  porous^  not 
fluxed  lump^  dissolving  out  the  soda^  burning  the  sulphides  into 
oxides^  and  using  them  as  above. 

Letelie  (French  pat.  211058)  describes  a  very  complicated 
process^  combining  the  processes  of  Macfarlane^  Harran,  Kopp^ 
and  Longmaid.  From  sodium  sulphate^  ferric  oxide^  and  coal^  the 
veil-known  double  sulphide  is  to  be  prepared;  this  is  to  be 
carbonated^  lixiviated^  the  residue  is  to  be  roasted^  furnaced  with 
<X)mmon  salt  to  produce  chlorine^  and  so  forth. 

Don  (Engl.  pat.  2111^  1870)  once  more  patents  the  heating  of 
saltcake  with  coal  and  manganese  or  ferric  oxide^  and  treatment 
of  the  product  with  CO2. 

Haydn  Mozart  Baker  (Engl.  pat.  2866,  1870)  heats  saltcake 
with  coal  and  clay  or  alumina,  extracts  the  sodium  aluminate  and 
decomposes  it  with  CO^. 

II.  After  previous  preparation  of  Sodium  Sulphide. 

Preparation  of  Sodium  Sulphide. 

We  here  mention  only  such  processes  which  are  intended  to 
furnish  a  comparatively  pure  sodium  sulphide  for  the  purpose  of 
alkali  manufacture,  but  not  those  by  which  commercial  sodium 
sulphide  is  made  from  Leblanc  waste  (comp.  Vol.  II.  p.  827).  The 
properties  and  preparation  of  the  various  hydrates  of  sodium 
sulphide,  crystallized  from  alcohol,  have  been  explicitly  described 
by  Gottig,  in  Joum.  f.  prakt  Chem.  [2]  xxxiv.  p.  229. 

Arrott  (Engl.  pat.  No.  1370,  1859)  proposes  melting  4  parts  of 
sodium  sulphate  with  1  part  of  coal  in  a  cupola,  which  of  course  is 
heated  by  special  fuel.  Laming  (like  many  others)  ignites  2  parts 
of  saltcake  with  1  part  of  coal  or  coke  in  a  closed  vessel.  Gossage 
(patent  No.  2612,  1859)  employs  the  same  proportions,  but  in  a 
•close  roaster,  in  order  to  exclude  re-oxidation.  Fifty  parts  by 
weight  of  slack  per  cent,  of  saltcake,  or  83  per  cent,  of  powdered 
<;oke,  is  to  be  taken,  the  mass  to  be  constantly  stirred,  but  the 
heat  not  increased  up  to  the  fluxing  of  the  mass;  the  CO^  arising 
in  the  process  is  to  be  drawn  away  by  a  fan-blast  or  similar 
apparatus,  and  employed  for  decomposing  the  sodium  sulphide. 
The  batch  must  be  drawn  as  quickly  as  possible,  and  protected 
from  the  air.  Wilson  (patent  No.  1361, 1859)  fluxes  a  mixture  of 
4  cwt.  saltcake,  ^  cwt.  of  barium  sulphate,  and  2^  cwt.  small  coal 
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or  2  cwt.  wke  powder  in  an  ordinary  reverberatory  furnace,  or, 
still  better,  in  a  revolving  cylinder  furnace,  in  which  less  heavy 
spar  need  be  used,  as  the  air  has  less  access,  than  in  a  furnace 
worked  by  hand.  Also  Jean,  Monit.  Scient.  1869,  p.  1007, 
proposes  making  N2S  by  the  help  of  heavy  spar,  but  employs  & 
very  great  deal  of  it,  viz.  25  kilog.  sodium  sulphate,  75  kilog. 
barium  sulphate,  10  kilog.  charcoal-dust,  and  15  kilog.  coal-dust ; 
the  operation  takes  place  in  an  ordinary  black-ash  furnace  which  is 
said  not  to  be  corroded  by  this  mixture.  Wilson  {loc,  cii.)  further 
describes  an  apparatus  for  running  melted  saltcake  through  a 
column  of  coals  or  coke  at  a  cherry-red  heat,  in  order  to  convert 
it  into  sulphide.  A  laterally  attached  deep  furnace  supplies  the 
necessary  heat  as  a  gas-generator ;  the  saltcake  is  charged  onto 
the  top  of  the  coke-column,  on  a  perforated  arch,  and  there  fuses 
of  its  own  accord;  the  gases  afterwards  travel  through  a  tower 
filled  with  continually  moistened  pebbles  in  order  to  cool  the  CO2 
and  return  any  sodium  salts  carried  away;  at  the  end  of  the 
apparatus  a  fan-blast  causes  the  movement  of  the  gases  and  the  air 
throughout  the  whole  apparatus.  The  CO  formed  at  the  same 
time  is  burnt  in  the  upper  portion  of  the  tower  by  air  admitted 
for  this  purpose.  The  COj  is  then  employed  for  making  carbonate 
&om  the  sulphide,  or  else  for  turning  carbonate  into  bicarbonate, 
which  is  itself  employed  for  converting  sulphide  into  carbonate. 

It  is  very  probable  that  such  an  apparatus  would  be  destroyed 
after  a  short  lapse  of  time.  A  similar  process  was  patented  by 
Claus  (No,  819,  1869),  who  attempted  to  preserve  the  cupola  in 
which  the  reduction  of  the  fused  saltcake  takes  place  by  means  of 
a  water-jacket.  The  sulphide  is  partly  tapped  off  at  the  bottom  in 
a  fluid  state ;  but  a  great  part  is  volatilized  and  is  passed  along, 
with  the  products  of  combustion  into  a  scrubber,  through  which  a 
solution  of  sodium  sulphide  is  run  down ;  in  this  the  volatilized 
portion  is  condensed  and  at  the  same  time  converted  into  carbonate 
by  the  carbonic  acid  formed  in  the  reducing  process.  Another 
proposal  by  Claus  (No.  2616,  1869)  refers  to  the  manufacture  of 
sodium  or  potassium  sulphide  by  means  of  gaseous  fuel,  carefully 
kept  free  from  uncombined  oxygen,  so  that  but  very  little 
thiosulphate  can  be  formed.  A  third  proposal  is  this — to  make 
barium  sulphide  from  barium  sulphate,  dissolve  it  in  water,  and 
decompose  a  solution  of  sodium  sulphate  by  the  same,  when  sodium 
sulphide  will  be  formed  and  barium  sulphate  be  recovered.     This 
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))rocess  (which  is  far  too  expensive  to  be  of  practical  importance) 
was  once  more  proposed,  as  new,  by  Vincent  (Compt.  Rend.  1877, 
Ixxxiy.  p.  701).  Barrow's  patent  (No.  10491,  1886)  contains 
nothing  new  whatever.  The  Chemische  Pabrik  Buckau  (Gherm. 
pat.  57707)  decomposes  a  mixture  of  potassium  and  sodium 
sulphate,  made  from  Stassfurt  salts,  by  BaS,  converts  the  mixed 
alkaline  sulphides  in  aqueous  solution  by  CO)  into  bicarbonates, 
and  separates  the  potassium  bicarbonate  in  the  shape  of  crystals 
from  the  more  soluble  sodium  bicarbonate. 

Maistre  (Pr.  pat.  208471)  patents  as  "new'*  the  reduction 
of  BaS  from  native  barium  sulphate  by  coal,  and  application  of 
this  to  convert  Na2S04  into  Na,S. 

Willans  (Engl.  pat.  293,  1860)  prepares  Na^S  from  saltcake 
without  coal,  simply  by  CO  and  steam  in  a  red-hot  furnace. 
We  shall  see  that  several  other  inventors  produce  Na^S  by  gaseous 
CO  from  NajSO^. 

The  process  with  sodium  sulphide  and  carbonic  acid  has  been 
most  thoroughly  worked  out  by  the  celebrated  inventor  of  the 
manganese-recovery  process,  Walter  Weldon,  who  spent  years 
upon  it  and  believed  he  had  attained  his  object,  when,  on  Aug.  28th, 
1876,  and  Peb.  2nd,  1877,  he  took  out  a  series  of  patents  in 
reference  to  it  (Nos.  8870  to  3390,  1876,  and  444  and  445,  1877). 
His  process  commences  with  a  very  original  way  of  making  the 
sodium  sulphide.  Saltcake,  made  in  any  suitable  way,  is  fused  in 
a  Siemens'  regenerative  furnace;  and  the  combustion-gases  of 
this  furnace  are  at  the  same  time  employed  in  a  second  furnace,  in 
which  the  sulphide  is  made.  The  first  furnace  is  placed  at  such  a 
height  that  the  fused  saltcake  can  run  into  the  manhole  of  the 
second  furnace.  This  second  furnace,  in  which  the  saltcake  is 
reduced  to  sulphide,  is  the  principal  thing.  It  is  a  revolving 
•cylinder  furnace  such  as  are  now  generally  used  for  the  ordinary 
black-ash  process.  [When  trying  the  process  on  the  large  scale 
no  revolving  fiimace  was  employed,  owing  to  the  great  cost,  but  a 
hand-furnace ;  in  case  of  success  revolvers  would  have  been  used. 
In  his  last  patent  Weldon  reverts  to  the  use  of  a  hand-furnace 
exclusively.]  As  all  brick-work  and  iron  is  very  strongly  cor- 
roded by  melting  sodium  sulphide,  the  furnace  had  to  be  lined  with 
a  more  refractory  material.  As  such,  bricks  made  of  powdered 
«oke  with  a  little  tar,  moulded  with  a  very  strong  pressure  and 
heated  to  a  red  heat  in  a  close  furnace,  are  used ;  they  are  set  in  a 
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mixture  of  the  same  materials.  This  lining  has  turned  out  entirely 
successful  in  practice^  so  long  as  the  fire-gases  were  free  from 
oxygen.  That  end  of  the  furnace  through  which  the  fire-gases^ 
enter  can  be  closed  air-tight.  For  this  purpose  the  ^^  eye,'^  always 
hung  in  cylinder  famaces  between  the  fireplace  and  the  cylinder^ 
is  so  arranged  that  it  can  be  promptly  moved  aside  and  a  solid 
disk  of  the  coke  mixture  can  be  put  in  its  place ;  the  latter  is 
surrounded  by  an  iron  ring  carrying  a  broad  flange^  which  is 
firmly  connected  by  bolts  with  the  central  opening  of  the  cylinder;, 
thus  the  disk  revolves  with  the  cylinder  and  forms  an  air-tight 
closing.  The  outlet-hole  at  the  other  end  of  the  cylinder  is  con- 
tinued into  a  fire-flue^  which  is  divided  into  two  parts^  so  that  by 
suitable  dampers  the  gases  can  either  be  taken  to  the  chimney  or 
the  carbonic-acid  gas  can  be  kept  for  special  use  in  suitable  appa- 
ratus or  employed  directly.  Also  the  furnace  from  which  the 
cylinder  furnace  is  supplied  with  fire-gases^  be  it  the  saltcake- 
melting  furnace  or  a  special  gas-producer^  is  so  arranged  that  the 
products  of  combustion  can  either  be  conveyed  into  the  cylinder 
furnace  or  elsewhere.  Now^  in  the  converter^  small  coke  or  char- 
coal [according  to  the  patent  of  Feb.  2nd^  1877^  exactly  as  much 
as  sufSices  for  forming  carbonic  acid  with  the  oxygen  of  the  salt- 
cake,  viz.  16*9  per  cent,  of  the  weight  of  the  saltcake,  of  course 
adding  the  impurities  ;  it  is  then  best  to  work  in  a  blind  roaster 
and  to  aspirate  the  carbonic-acid  gas  by  means  of  a  fan-blast]  is- 
brought  to  a  red  heat,  by  admitting  fire-gases  at  one  end  and 
allowing  them  to  escape  at  the  other ;  then  the  fire-gas  is  cut 
ofpy  the  entrance-opening  closed  in  the  above-described  manner^ 
and  the  exit-opening  connected  with  the  apparatus  for  keeping  or 
employing  the  carbonic  acid ;  from  the  furnace,  placed  higher  up^ 
fused  saltcake  is  run  onto  the  red-hot  coke  or  charcoal,  and  the 
two  are  mixed  by  quick  revolutions  of  the  cylinder.  The  reaction 
between  saltcake  and  coal  thus  goes  on  in  a  vessel  which  during, 
this  period  has  only  one  opening,  that  for  removing  the  carbonic 
acid.  Weldon  has  also  constructed  another,  simpler^  not  revolving, 
furnace  for  the  same  object.  If  the  saltcake  and  the  coke  have 
each  been  sufficiently  heated,  the  reaction  between  them  will  be 
finished  without  applying  any  ulterior  source  of  heat ;  otherwise 
fire-gas  must  be  again  admitted,  and  in  the  meantime  the  other 
end  must  be  connected  with  the  chimney.  Of  course,  if  the 
carbonic  acid  is  not  to  be  utilized^  the  exit-gases  may  always  be 
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allowed  to  go  into  the  chimney.  (The  treatment  of  the  sodium 
sulphide  thus  prepared  by  carbonic  acid  as  described  by  Weldon 
will  be  described  later  on.) 

According  to  information  which  I  subsequently  received  from 
Mr.  Weldon  himself^  the  above  process  suffered  under  the  draw- 
back that  the  pure  sulphide^  free  from  polysulphides^  thiosulphate^ 
and  caustic  soda^  as  it  was  obtained  in  his  furnace^  turned  out  to 
be  infusible^  and  could  not  be  removed  from  the  furnaces.  This 
could  be  remedied  by  allowing  a  little  air  to  get  into  the  furnace, 
but  then  the  carbon-lining  burned  out  very  rapidly.  [Elsewhere, 
as  we  shall  see,  no  such  trouble  has  been  experienced.] 

Wallace  and  Clans  (Engl.  pat.  2842,  1877)  provide  the  furnace 
intended  for  making  sodium  sulphide  with  a  lining  of  bauxite. 

CI.  Winkler  (Chem.  Ind.  1880,  p.  129)  gives  the  following  de- 
scription of  the  way  in  which  sodium  sulphide  was  manufactured  on 
an  extensive  scale  for  a  number  of  years  : — Calcined  saltcake  was 
mixed  with  25  or  30  per  cent,  coal,  and  reduced  in  a  small  rever- 
beratory  furnace  at  a  moderate  red  heat.  The  working-door  was 
arranged  opposite  the  fire-bridge,  so  that  the  air  entering  here 
was  drawn  away  directly  into  the  exit-fiue,  without  acting  on  the 
charge.  In  order  to  make  the  furnace  resist  the  action  of  the 
fusing  mass,  the  furnace-walls  were  made  of  large,  smoothly- 
dressed  blocks  of  marble,  the  joint  being  firmly  ''grouted*^  with 
lime.  The  bottom  consisted  of  a  single,  dished  block  of  marble, 
with  a  laterally  drilled-in  tap-hole;  on  this  rested  the  blocks 
forming  the  side-walls,  which  had  to  be  repaired  f/om  time  to 
time.  By  careful  heating  up  a  cracking  of  the  stone  blocks  could 
be  avoided.  The  fusion  took  place  quickly  and  smoothly ;  as  soon 
as  superficial  fusion  had  set  it,  the  mass  was  thoroughly  stirred 
with  an  iron  rake,  to  prevent,  by  an  excess  of  coal,  the  sulphide 
from  burning.  As  soon  as  the  reduction  was  complete,  the  con- 
tents of  the  fiimace,  which  were  formerly  pasty,  turned  quite 
liquid  (comp.  Weldon's  contrary  observation,  supra).  Now  a 
peculiar  phosphorescence  was  noticed,  and  a  shower  of  sparks  in- 
dicated a  commencing  combustion  of  the  sulphide,  which,  how- 
ever, could  be  Instantly  checked  by  throwing  in  a  handful  of 
coal-dust.  When  these  phenomena  set  in,  the  liquid  sodium  sul- 
phide was  tapped  into  iron  dishes,  where  it  was  at  once  covered 
with  a  little  coal-dust  and  a  sheet  of  iron ;  while  still  warm,  it  was 
broken  up  into  lumps  about  the  size  of  a  man^s  fist  and  put  into 
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oasks^  where  it  retained  its  condition  for  some  time.  It  was  at  first 
found  difSicult  to  dissolve  it^  as  it  could  not  be  crushed  on  account 
of  its  pyrophoric  properties,  and  when  the  lumps  were  put  in  the 
dissolver  as  such,  the  impurities  settled  upon  them  as  a  thick  slime. 
This  was  avoided  by  placing  the  lumps  in  drums,  with  sides  made 
of  thin  staves,  half  dipping  into  the  water  intended  to  dissolve  the 
stufiE,  and  turned  from  time  to  time  by  means  of  a  hand-crank ; 
thus  the  slime-covering  was  always  rubbed  ofiP. 

Esop  (Zsch.  f.  angew.  Ghem.  1889,  p.  284)  describes  the  manu- 
facture of  sodium  sulphide  as  follows : — 150  kil.  ground  saltcake 
is  mixed  with  100  kil.  coal-dust.  The  furnace  is  20  feet  long, 
6  feet  6  inches  wide,  and  6  feet  high,  with  a  fire-brick  lining, 
divided  longitudinally  into  three  parts.  The  fireplace  has  a  grate«> 
surface  2  ft.  9  in.  square ;  it  is  divided  from  the  working-bed  by 
a  fire-bridge,  and  a  back  bed  follows  upon  the  former  without  any 
outward  division.  The  charge  is  put  upon  the  back  bed,  where  it 
remains  If  hours,  during  which  time  the  last  charge  is  finished 
on  the  front  bed.  Each  charge  requires  about  1^  cwt.  good 
firing-coal.  At  the  end  the  front  working-door  is  opened,  and 
the  liquid  mass  is  drawn  by  means  of  rakes  into  iron  boxes,  which 
are  at  once  covered  up.  It  weighs  100  to  115  kil.,  and  contains 
60  per  cent.  Na2S.  It  should  be  red  and  porous,  not  dense, 
glassy,  or  grey ;  in  the  fresh  state  its  solution  ought  to  give  only 
a  slight  opacity  with  barium  chloride.  In  order  to  lixiviate  it,  it 
is  broken  up  as  quickly  as  possible  into  pieces  of  about  4  inches, 
with  caution  on  account  of  its  caustic  property,  which  are  at  once 
thrown  into  the  lixiviating  tank  and  covered  with  liquor.  The 
apparatus  used  is  a  Buff-Dunlop  set  of  five  tanks  (Vol.  II.  p.  585) ; 
the  work  lasts  24  hours.  The  strong  liquor  from  tank  No.  5 
shows  spec.gr.  1-285  ;  from  No.  4,  1*19;  from  No.  3,  1*13;  from 
No.  2,  105  to  1-075 ;  and  from  No.  1,  1-007  to  1*03.  The  mass 
is  washed  down  to  1  to  3  per  cent.  Na^S  before  being  cast  out. 
Every  other  day  a  tank  can  be  emptied  and  re-charged ;  this  pro- 
duces about  210  cub.  ft.  of  liquor  of  spec.  gr.  1*30,  which,  after 
an  hour's  settling,  is  sufficiently  clear  to  be  run  into  the  crystal- 
lising vessels.  Strong  liquor  is  yellow,  liquor  below  spec.  grav. 
1*075  is  greenish.  The  crystallization  in  shallow  iron  coolers 
takes  four  or  five  days,  and  yields  fine  yellow  or  brown  crystals  of 
NajS,  9  HsO,  which  are  easily  detached  from  the  sides  of  the 
coolers,  and  are  separated  by   centrifugal  machines  from  the 
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mother  liquor.  This  is  mixed  with  fresh  liquor  of  spec.  gray.  1*22 
to  1*24^  and  is  concentrated  to  spec.  grav.  1*275  by  the  waste  heat 
of  the  furnace ;  it  is  then  again  brought  to  crystallization.  The 
«alts  formed  by  oxidation  during  the  evaporation  sink  to  the 
bottom^  and  are  mixed  with  fresh  saltcake^  to  be  fumaced  with 
coal;  but  they  yield  more  glassy  charges  and  require  more 
reducing-coal  than  fresh  charges.  The  crystals  obtained  from 
mother  liquors  alone  are  greenish^  from  fresh  concentrated  liquors 
brown,  from  less  concentrated  liquors  yellow  up  to  white.  The 
<x>mmercial  '^  anhydrous  '^  sodium  sulphide  is  obtained  by  melting 
the  crystals  in  an  iron  pan  at  a  moderate  heat  till  the  water  of 
<srystallization  is  driven  out,  then  quickly  crushing  the  mass  and 
packing  it  in  casks. 

Very  important  improvements  in  the  preparation  of  sodium 
sulphide  have  been  introduced  by  EUershausen  (Engl.  pat.  17815, 
1890).  He  had  found  that  the  destructive  action  of  sodium  sul* 
phide  on  the  furnace  is  mostly  caused  by  overheating  the  charge, 
which  is  hardly  avoidable  in  ordinary  open  furnaces.  It  can, 
however,  be  remedied  by  making  the  fire-bridge  very  high,  2  feet 
above  the  furnace-bed,  and  avoiding  overheating  the  bridge  by 
means  of  an  interior  air-channel.  The  flue  above  the  fire-bridge 
is  contracted  towards  the  furnace-bed,  so  that  the  flame  is  directed 
towards  the  central  portion  of  the  bed,  and  the  sides  do  not  get  so 
hot  as  usual.  The  bed  is  also  made  to  rise  towards  the  bridge,  so 
that  no  melted  sodium  sulphide  can  accumulate  there.  The  sides 
of  the  furnace  round  the  bed  are  made  of  fire-bricks  in  such 
manner  that  they  are  independent  of  the  outer  walls  and  are 
easily  renewed. 

To  these  statements,  taken  from  the  patent  specification,  we 
will  add  some  personal  observations  made  at  a  factory  erected  by 
EUershausen.  The  charge  consists  of  7  cwt.  saltcake  and  8^  cwt. 
-coke-breeze,  not  specially  mixed,  but  put  in  the  usual  way  first 
open  the  back  bed,  and  brought  there  to  a  dark  red  heat,  without 
any  fusion.  The  fusion  takes  place  on  the  front  bed,  where  the 
mass  turns  first  thin,  and  then  again  thicker,  just  like  an  ordi- 
nary black-ash  charge,  but  without  exhibiting  the  well-known 
''^-candles.'^  It  is,  however,  not  so  pasty  as  black-ash  and  more 
porous.  It  is  drawn  out  into  an  iron  box,  after  first  lowering  the 
furnace-damper,  to  prevent  its  burning  during  the  discharging. 
The  mass  cools  down  in  these  boxes  without  any  special  precautions. 
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Sixteen  such  charges  are  finished  during  24*  hours^  with  a  con- 
sumption of  1;^  tons  of  coal.  The  heat  is  not  so  high  as  in* 
black-ash  furnaces ;  the  Airnaces  do  not  require  much  repair ;  and 
the  whole  style  of  working  conveys  the  impression  that  Ellers- 
hausen  had  indeed  completely  overcome  the  difficulties  of  manu-^ 
facturing  sodium  sulphide  on  a  lai^e  scale^  and  that  he  worked 
quite  as  regularly  as  in  ordinary  black-ash  making. 

It  is  very  remarkable  that  in  this  case  the  famace-bottoms  did 
not  suffer  very  much^  seeing  that  they  were  made  exactly  like  those 
of  black-ash  fumacesi  (Vol.  II.  p.  507) ,  except  that  they  were  a 
little  sloping  from  the  fire-bridge ;  the  slope  towards  the  working* 
door  is  common  to  both.  The  reason  is  probably  this^  that  with 
the  large  quantity  of  small  coke  (50  per  cent.)  the  mass  always 
remains  porous;  the  infusibility  of  coke  is  also  an  advantage  in 
comparison  with  ordinary  mixing-coal.  During  work  the  damper 
must  be  always  kept  down  as  much  as  possible^  to  avoid  un- 
necessary entrance  of  air;  if  this  is  not  done^  the  mass  turns- 
more  liquid^  evidently  by  the  formation  of  polysulphides^  and  the 
furnace  suffers  much  more.  The  crude  sulphide  on  analysis  shows- 
only  a  trace  of  polysulphides,  no  sulphate  at  all^  about  1^  per  cent, 
thiosulphate^  and  about  10  per  cent,  of  the  soda  as  carbonate, 
the  remaining  soda  being  present  as  Na^S ;  there  is  about  25  per 
cent,  insoluble.     This  is  certainly  an  excellent  product. 

Oossage  and  Mathieson  (Engl.  pat.  3218^  1888)  claimed  to- 
have  found  a  considerable  improvement  in  mixing  the  saltcake 
with  a  large  quantity  of  common  salt,  which  is  to  prevent  the 
destructive  action  on  the  furnace-lining.  They  prefer  to  employ 
100  saltcake,  50  coal,  and  31  salt.  This  mixture  is  fused  in  an 
open  furnace  or  a  revolver ;  the  mixture  of  sulphide  and  chloride 
thus  obtained  is  drawn  out  into  open  vessels  and  cooled  down 
there,  without  danger  of  oxidation,  before  being  lixiviated.  Each 
charge  takes  two  or  three  hours,  and  is  carried  on  just  as  in  the 
Leblanc  process.  The  solution  is  treated  with  sufficient  CO^  ta 
precipitate  the  soda  as  bicarbonate  (see  below).— This  process  has 
been  tried  for  several  years,  but  apparently  without  much  advan^ 
tage.  The  crude  sulphide  is  stated  to  have  tested:  31*1  Na^S; 
9-8  NajCOs;  2-1  NaaS04;  1-4  Na^SsOg;  192  NaCl;  322  in- 
soluble  (coke). 

The  addition  of  salt  could  not  have  been  found  very  useful,  for 


DECOMPOSITION  OF  SODIUM  SULPHIDE.  235 

later  on  Gossage  and  Williamson  (Engl.  pat.  20921 ,  1892)  pro- 
posed to  add  to  the  mixture  of  saltcake  and  coal  35  or  40  parts 
Leblanc  waste,  in  order  to  prevent  the  action  on  the  furnace- 
Uning.  Further  patents  of  the  same  inventors  (Nos.  22523  & 
23616,  1892)  describe  the  working-up  of  the  sodium  sulphide 
thus  obtained  into  bicarbonate,  almost  precisely  like  the  former 
patent  of  Mathieson  and  Hawliczck  {vide  p.  241). 

Trachsel  (Engl.  pat.  3406,  1886)  proceeds  as  follows: — A 
mixture  of  Na3S04  with  BaS04  (or  SrS04)  and  coal  is  furnaced 
and  lixiviated.  On  cooling  the  solution,  barium  (or  strontium) 
hydrate  crystallizes  out,  and  sodium  sulphydrate  remains  in 
solution : 

Na^S  +  BaS  +  2  HjO = 2  NaHS  +  Ba(0H2) . 

This  solution  is  treated  with  CO2,  and  the  H^S  is  dealt  with  by 
well-known  processes.  [The  COg  will  certainly  act  better  on 
NaHS  than  on  Na^S,  but  the  separation  of  the  barium  hydrate 
from  the  NaHS  is  anything  but  quantitative;  we  should  also 
be  informed  how  the  baryta  is  to  be  utilized.] 

Simpson  (Engl.  pat.  17765,  1890)  employs  nitre-cake  or  other 
acid  sulphates,  which  are  first  neutralized  with  calcium  sulphy- 
drate; the  solution  is  filtered  from  the  calcium  sulphate  and 
sulphur,  and  is  completely  decomposed  by  a  further  quantity  of 
sulphydrate,  preferably  in  closed  vessels  under  a  pressure  of  4  or 
5  atmospheres,  at  which  the  CaS04  is  insoluble  in  the  liquor. 
The  NaHS  is  then  carbonated  with  COg^  and  so  forth. 

Bong  (Engl.  pat.  895,  1879)  reduces  alkaline  sulphates  by  H^S,. 
obtained  in  decomposing  the  Na^S  formed  by  COs>  without  any 
fusion. 

Peitzsch  (Engl.  pat.  22569,  1894)  patents  the  old  process  of 
reducing  Na^SO^  by  carbon  in  closed  vessels  by  outward  heat  at  & 
low  temperature.  He  employs  thin  iron  vessels,  not  deeper  than 
4  inches,  placed  in  horizontal  or  upright  retorts  [these  will  be 
very  strongly  acted  upon  I]. 

Decomposition  of  Sodium  Sulphide  by  Carbonic  Acid. 

Oren  had  made  the  observation  that  an  aqueous  solution  of 
sodium  sulphide  is  converted  into  carbonate  by  carbonic-acid  gas,, 
with  evolution  of  sulphuretted  hydrogen  if  the  introduction  of 
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CO3  is  continued  up  to  the  formation  of  sodium  bicarbonate. 
Attwood^  on  June  22^  1819^  obtained  an  English  patent  for  this 
process.  Pelletan  in  1829  made  soda  in  a  factory  at  Paris  by  this 
process ;  and  Dumas  explains  it  in  detail  in  his  treatise  on  applied 
chemistry,  1829.  Gossage  erroneously  believed  to  have  proved 
(in  1838)  that  COs  decomposes  its  equivalent  of  NajS  (comp. 
Vol.  II.  p.  612);  and  in  1861  he  reverts  to  this  in  his  '  History 
of  the  Soda  Manufacture/  p.  22,  stating  that  in  future  the  H3S 
would  be  absorbed  by  ferric  oxide,  and  the  product  employed  for 
making  sulphuric  acid.  The  working  out  of  this  idea  (which  he 
had  failed  to  accomplish  himself  in  the  intervening  twenty-three 
years  !)  he  wished  to  leave  to  younger  men.  Endeavours  in  this 
direction  have  certainly  not  been  wanting.  Wagner  quotes 
{Regesten,  p.  37)  patents  taken  out  by  Beringer  (1847),  Newton 
(1853),  Hunt  (1861),  Reissig  (1865).  He  thought  that  with  the 
introduction  of  ferric  oxide  as  an  absorbent  for  sulphuretted 
hydrogen,  this  gas  had  ceased  to  be  a  source  of  inconvenience  to 
the  works  and  in  their  vicinity.  We  have  seen  how  unfounded 
this  opinion  is  (Vol.  II.  p.  883  et  seq.) .  Even  the  utilization  of 
comparatively  concentrated  HjS  was  not  satisfactorily  achieved  till 
twenty  years  later,  and  that  of  dilute  gas,  containing  very  varying 
quantities  of  H2S,  such  as  must  have  been  formed  in  all  former 
processes,  is  even  now  an  open  question,  where  the  economical 
side  has  to  be  considered. 

We  shall  first  describe  the  decomposition  of  pure  Na^S  in  solu- 
tion  or  in  lumps,  and  then  that  of  the  crude  products  within  the 
vessels  where  it  has  been  prepared. 

A  great  deal  was  expected  in  Lancashire  of  Hunt's  patent 
(No.  1126,  1860).  He  asserted  that  he  had  found  the  decompo- 
sition of  sodium  sulphide  to  take  place  better  than  in  solution^  if 
the  Na^S  was  put,  in  pieces,  on  the  perforated  false  bottoms  of 
vessels,  through  which  steam  and  CO^  (generated  by  igniting 
^halk  in  retorts)  were  conducted.  By  combining  several  vessels, 
the  CO2  was  to  be  completely  spent  and  strong  H3S  obtained, 
which  was  to  be  mixed  with  air,  ignited,  and  employed  for  vitriol- 
making.  This  process  was  tried,  among  others,  in  the  works  of 
Mr.  Shanks  at  St.  Helens.  The  CO2  was  there  made  from  lime- 
stone and  hydrochloric  acid;  and  the  HsS  was  not  dealt  with 
fit  all,  which  sufficiently  proves  the  experimental  character  of 
those  trials.     The  peculiarity  of  Hunt's  process,  the  treatment  of 
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sodium  sulphide  in  lumps  with  CO^^  is  not  essential :  that  even  a 
solution  of  Na^S  is  completely  and  comparatively  easily  decom- 
posed by  CO2  I  have  myself  seen  at  the  works  managed  by 
Mr.  Gibb;  and  the  drawback  observed  there,  that  any  oxygen 
remaining  along  with  the  COs  caused  the  formation  of  thiosuL 
phate  and  consequently  a  loss  of  available  soda,  must  equally  have 
occurred  in  Hunt's  process. 

Further  patents  upon  this  process,  containing  nothing  essen- 
tially new,  were  taken  out  by  Verstraet  and  Oliver  (No.  2275, 
1862 :  to  the  solution  of  Na^S  milk  of  lime  is  to  be  added  in  order 
to  lessen  the  tendency  to  the  formation  of  thiosulphates),  Glaus 
(No.  2616,  1869 :  he  employs  blast-furnace  gases,  along  with  the 
COj  produced  in  reducing  the  Na2S04),  Young  (No.  2989, 1872  : 
he  employs  a  boiling  solution  of  NagS),  Fletcher  (No.  1786, 1873  : 
he  proposes  employing  the  SO^,  generated  by  burning  the  H2S, 
for  Hargreaves'  saltcake  process),  and  Prache  (1873 :  he,  like 
many  before  him,  conducts  the  H3S  into  water  in  which  hydi*ated 
ferric  oxide  is  suspended,  which  is  afterwards  regenerated  by  ex- 
posure to  the  air;  or  the  CO2  can  be  directly  passed  into  a 
mixture  of  sodium  sulphide  and  hydrated  ferric  oxide).  Wallace 
and  Glaus  (No.  2842,  1877)  decompose  alkaline  sulphides  by  the 
gases  escaping  on  saturating  with  acids  the  ammonia-liquor  of  gas- 
works (i.  e.  a  mixture  of  GO3  and  H2S) ;  thus  pure  HgS  is  formed, 
which  is  burnt  into  SO,  or  used  for  precipitating  As,  Gu,  Ag,  or 
Pb.  Some  other  modifications  are  also  described,  but  all  of  them 
founded  upon  the  employment  of  gas-liquor ;  so  that  this,  not  the 
alkaline  carbonates,  is  the  principal  consideration. 

H.  B.  Condy  (No.  1536,  1877)  employs  crystallized  sodium 
sulphide  with  67  per  cent,  water,  which  is  treated  with  GOj  in  a 
closed  space  on  a  perforated  bottom ;  by  the  liquefaction  of  the 
water  of  crystallization  a  solution  of  sodium  carbonate  and  bicar- 
bonate is  formed ;  the  HsS  is  absorbed  or  burnt  according  to  any 
one  of  the  known  plans. 

In  Weldon's  patents  mentioned  on  p.  229  the  treatment  of  the 
sodium  sulphide  is  described  as  follows  : — ^The  sodium  sulphide 
may  be  mixed  with  silica  or  alumina  in  the  state  of  powder  and 
decomposed  by  superheated  steam  in  the  cylinder  furnace  itself  or 
in  another  furnace,  during  which  time  the  other  end  of  the  furnace 
must  be  connected  with  the  apparatus  for  burning  or  absorbing 
the  sulphuretted   hydrogen,   after  cooling  and   condensing  the 
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water ;  sodium  silicate  or  aluminate  remains  behind.      [This  part 
of  the  process  does  not  seem  to  have  been  seriously  carried  out 
on  a  large  scale.]     Or  else  the  sodium  sulphide  is  treated  with 
carbonic  acid  in  the  following  way : — ^The  sulphide  is  run  into  air- 
tight iron  boxes  lined  with  coal,  and  after  sufficient  cooling  lixi- 
viated with  exclusion  of  air.     The  liquor  is  made  so  strong  as  to 
contain  at  least  12  per  cent.  NajS ;  but  it  is  better  to  make  it  quite 
saturated,  so  as  to  contain  17  to  20  per  cent.  NajS.    The  solution  is 
then  treated  with  carbonic  acid  in,  a  methodical  way,  in  a  set  of  six 
closed  vessels.     The  liquor  only  half  fills  these  vessels;  and  by  a 
mechanical  agitator  their  upper  halves  are  constantly  filled  with  a 
spray ;  there  are  also  several  partitions  reaching  down  from  the 
cover  nearly  to  the  level  of  the  liquid,  so  as  to  force  the  gases  to 
travel  in  a  circuitous  route.    By  means  of  a  suitable  system  of 
cocks  and  pipes,  gas  can  be  admitted  into  the  upper  part  of  each 
vessel,  and  conveyed  through  all  the  other  vessels  in  succession. 
In  this  way  the  complete  decomposition  of  the  sodium-sulphide 
liquor  in  the  first  vessel  can  be  attained,  and  at  the  same  time  the 
gas   issuing  from   the  sixth  vessel  consists   of  practically  pure, 
sulphuretted   hydrogen.     When  the  liquor  of  the  first  vessel  is 
sufficiently  decomposed,  it  is  run  off,  fresh  liquor  is  run  in,  and 
the  second  vessel  is  now  made  the  first,  the  sixth  fifth,  the  first 
sixth  with  respect  to  the  current  of  gas,  and  so  forth.     Instead  of 
this  the  gas  may  also  be  passed  through  the  vessels  always  in  the 
same  succession;    but   then  the  liquors,  after   completing   the 
decomposition,  are   run  from  one  vessel  into  the  other  in  the 
opposite  direction.     This,  however,  can  only  be  done  if  the  decom- 
position is  not  carried  so  far  as  to  precipitate  bicarbonate  in  a 
solid  form.     Usually  the  operation  is  so  conducted  as  to  obtain  as 
large  a  separation  of  crystals  as  possible,  and,  for  this  reason,  at 
the  ordinary  or  only  a  slightly  raised  temperature,  both  of  the 
liquor  and  of  the  carbonic  acid.     In  this  way  up  to  80  per  cent, 
of  the  soda  can  be  obtained  as  a  precipitate  of  bicarbonate ;  the 
impurities  consequently  remain  in  the  mother  liquor,  which  is 
washed  off  with  a  cold  saturated  solution  of  bicarbonate,  where- 
upon the  residue  is  brought  into  saleable  form  either  as  bicar- 
bonate or  as  alkali.    The  mother  liquor  is  again  employed  for 
dissolving  sodium  sulphide,  till  it  has  become  too  much  charged 
with  impurities.     It  is  much  better  not  to  carry  on  the  operation 
till  all  the  sodium  sulphide  is  decomposed,  because  this  can  only 
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be  done  by  a  lai^e  excess  of  carbonic  acid ;  the  mother  liquor 
eoutaiuing  sodium  sulpliide  can  be  easily  employed  for  dissolviug 
a  ireah  batch.  The  treatmeut  is  accordingly  only  continued  till 
at  least  50  or  at  most  80  per  cent,  of  the  spdium  sulphide  has 
been  decomposed.  If  the  treatment  does  not  take  place  in  the 
coldj  but  at  a  higher  temperature,  instead  of  bicarbonate  aesqui- 
carbonate  is  obtained,  which  on  the  cooliug  of  the  liquid  crystal- 
lizes out.  If  the  sulphide  contains  polysul  phides,  it  is  necessary 
to  work  with  dilute  liquors,  so  that  the  sulphur  can  settle  down. 

The  construction  of  the  absorbing  vessels  is  more  clearly  shown 
hy  the  section,  fig.  87 :   a  a'  are  entrance-pipes  for  the  gases. 


Fig.  87. 


reaching  down  nearly  to  the  surface  of  the  liquid  and  nicked  out 
at  the  bottom;  b,  eiit-pipe;  c,  a  shaft  revolving  in  glands  above 
the  liquid,  driven  by  the  pulley  d,  and  carrying  the  agitating- 
blades  ee;  f,  connecting-pipe  for  the  liquidj  g,  running-off  cock 
for  the  B&me.  The  vessels  may  be  made  of  iron,  covered  with 
hard  pitch,  or  of  hard  wood,  if  the  sodium-sulphide  liquor  is  to  be 
treated  cold,  but  of  iron  covered  with  lead  or  stone  flags  if  at  a 
Itigher  temperatnre.  Similarly  the  agitating-shaft  is  protected 
from  the  effect  of  the  sulphide  by  a  coating  of  pitcli  or  iron.  The 
agitating-paddles  best  consist  of  hard  wood. 

It  remains  to  deal  with  the  sulphuretted  hydrogen  gas  which  is 
^ven  off  on  the  treatment  of  the  Na^S  in  the  furnace  itself  with 
superheated  steam,  or  on  that  of  its  solution  with  COj.  For  this 
the  process  patented  by  Wcldon  as  No.  2008,  1871,  is  to  be  em- 
ployed. It  consists  in  bringing  the  gas  into  contact  with  a 
metallic  oxide  suspended  in  water,  bydrated  ferric  oxide  being  the 
best  (compare  also  Lunge's  patent,  No.  1108,  1866).     This  treat> 


240  MANUFACTURE  OF  SODA  FROM  SODIUM  SULPHIDE. 

ment  is  to  take  place  in  an  apparatus  quite  similar  to  that  serving^ 
for  the  introduction  of  CO^ ;  so  that  the  gas  is  introduced  on  the 
top  of  the  first  of  six  vessels  in  which  the  metallic  oxide  suspended 
in  water  is  constantly  splashed  about  by  a  paddle-wheel^  and 
escapes  out  of  the  sixth  vessel  completely  deprived  of  its  HsS. 
When  the  metallic  oxide  in  the  first  vessel  is  entirely  converted 
into  a  sulphide  or  a  mixture  of  a  sulphide  with  sulphur^  the  con* 
tents  of  the  vessel  are  drawn  off^  those  of  the  second  vessel  are 
run  into  the  first,  those  of  the  third  into  the  second^  and  so  forth  ;. 
the  sixth  vessel^  which  gets  emptied^  is  charged  with  a  fresh 
mixture  of  oxide  and  water.  The  mixture  run  off  from  the  first 
vessel  and  saturated  with  H^S  is  treated  with  a  strong  current  of 
air  in  an  oxidizing-tower  similar  to  those  used  in  Weldon's  man- 
ganese-recovery process ;  this  converts  it  into  a  mixture  of  hydrated 
ferric  oxide  and  sulphur^  suspended  in  water,  which  can  be  em- 
ployed directly  in  the  absorbing-vessels  ;  but  when  it  has  become 
very  rich  in  sulphur,  this  must  be  kept  separate,  and  either,  by  dis- 
solving the  iron  in  HCl,  the  sulphur  obtained  as  such,  or  the  whole 
must  be  dried  and  the  sulphur  burnt. 

These  processes  were  carried  out  on  a  rather  large  scale  by  a 
company  founded  for  this  purpose,  but,  in  spite  of  all  exertions, 
have  now  been  given  up  as  impracticable.  The  reason  stated  for 
this  is  that  pure  sodium  sulphide,  entirely  free  from  polysulphides, 
thiosulphates,  and  caustic,  such  as  was  recovered  in  Weldon's 
furnace,  turned  out  entirely  infusible  and  could  not  be  got  out  of 
the  furnace ;  if,  on  the  other  hand,  some  air  was  admitted  in  order 
to  form  a  little  of  those  compounds  and  thus  to  make  the  mass 
fusible,  the  carbon  lining  of  the  furnace  was  quickly  burnt  and 
repairs  were  constantly  required.  [We  have  seen,  p.  231  et  seq.,. 
that  the  preparation  of  the  sodium  sulphide  itself  would  hardly 
form  an  unsurmountable  obstacle  to  the  success  of  this  process.] 

J.  B.  Thompson  (Engl.  pat.  10900,  1887)  describes  the  sama 
process  as  Weldon ;  his  apparatus  consists  of  a  long  boiler  with 
horizontal  shaft,  on  which  blades  are  arranged  in  the  shape  of  a 
screw,  which  half  dip  in  the  liquid,  and  cause  the  gas  to  come  into 
intimate  contact  therewith. 

A.  M.  and  J.  F.  Chance  (Engl.  pat.  1495,  1888)  apply  to  the 
decomposition  of  NasS  the  same  principle  as  to  that  of  CaS  from 
Leblanc  waste  (Vol.  II.  p.  869),  that  is,  removing  part  of  the 
nitrogen,  in  order  to  obtain  more  concentrated  H2S. 
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Wallis  (Engl.  pat.  15367^  1888)  applies  the  treatment  with 
COs  to  Na2S  obtained  as  a  slag  at  lead-works. 

Pamell  and  Simpson  (Engl.  pat.  19023^  1888)  describe  an 
apparatus  with  nine  compartments,  in  which  Na2S  solution  is 
systematically  treated  on  Chance's  principle. 

Mathieson  and  Hawliczek  (Engl.  pat.  227,  1886)  apply  the 
process  already  described  Vol.  II.  p.  614^  in  connection  with 
Leblanc  crude  liquors,  to  sodium  sulphide  (comp.  its  preparation, 
p.  234).  They  dissolve  the  crude  sodium  sulphide  in  brine  con- 
taining 16  to  19  per  cent.  NaCl,  and  pass  CO^  through  it  in  tall 
cylindrical  yessels,  provided  with  perforated  false  bottoms  for 
dividing  the  gas.  At  first  the  impurities  are  precipitated — alumina, 
silica,  and  ferric  oxide — and  are  removed  by  filtration ;  afterwards 
sodium  bicarbonate  is  precipitated  at  26°  to  SOP  C,  and  is  sepa- 
rated from  the  mother  liquor  by  a  centrifugal  machine,  &c.  It  is 
pure  enough  to  be  sold  as  such,  but  it  can  be,  of  course,  converted 
into  soda-ash  by  calcining.  Gossage  and  WiUiamson  apply  precisely 
the  same  method  to  the  sodium  sulphide  manufactured  by  their 
own  process  (Engl.  pat.  22523  &  23616,  1892 ;  comp.  p.  235). 

Decomposition  of  Sodium  Sulphide  in  the  same  vessels  in 

which  it  has  been  prepared. 

Laming  (Prov.  Protection,  No.  1367, 1861)  heats  a  mixture  of 
saltcake  and  coal,  and  afterwards  passes  a  current  of  steam  and 
air  through  it,  until  no  more  H^S  escapes,  whereupon  the  sodium 
carbonate  is  obtained  from  the  residue  by  lixiviation.  [Evidently 
the  air  must  form  COs  with  the  excess  of  coal  present.] 

Vogt  and  Figge  (Germ.  pat.  81675)  mix  saltcake  with  clay, 
magnesia,  lime,  or  silica,  and  convert^  the  mixture  by  heating  into 
a  porous  mass,  not  fusible  at  a  red  heat.  This  is  broken  up,  and 
is  exposed  to  a  current  of  carbon  monoxide  passing  downwards  in 
perpendicular  iron  retorts.  Thus  the  sulphate  is  converted  into 
sulphide  [this  can  certainly  be  accomplished  by  CO  alone,  as  shown 
by  my  experiments.  Vol.  II.  p.  19] .  The  CO,  escaping  here  is 
utilized  for  converting  the  sulphide  into  carbonate,  by  forcing  it, 
together  with  water,  through  the  retort  by  means  of  an  injector 
connected  with  the  bottom  of  the  retort,  until  all  the  sulphur  has 
been  driven  off  as  H^S. 

Kayser,  Young,  and  Williams  (EngL  pat.  7365j  1885)  claim 
VOL.  III.  a 
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to  have  discovered  that  sodium  sulphate^  exposed  at  a  dark  red 
heat  to  a  mixture  of  equal  molecules  of  CO  and  CO^,  is  converted 
into  carbonate,  whilst  SO3  escapes,  which  can  be  used  for  preparing 
NajSO^  by  the  Hargreaves  process  (Vol.  11.).  In  the  same  set  of 
cylinders  first  NaCl  is  transformed  into  Na2S04,  and  this  after- 
wards into  NajCOs,  without  employing  anything  else  than  CO 
and  CO2.     The  principal  reaction  would  be  : 

NaaSO^ + CO = Na^COg  +  SO,. 

The  CO2  would  take  no  part  in  the  reaction,  and  would  only 
serve  for  preventing  the  formation  of  Na^S. 

Watson  Smith  and  Hart  (Joum.  Soc.  Chem.  Ind.  1886,  p.  643) 
have  examined  this  process  in  the  laboratory,  but  with  very  un- 
satisfactory results.  At  a  dark -red  heat  no  reaction  sets  in  even 
in  the  presence  of  moisture.  At  a  bright-red  heat  and  in  the 
presence  of  moisture,  CO  reduces  the  Na2S04  to  Na^SOs  and  NajS. 
No  SOj  escaped  at  any  time,  only  H3S ;  the  reaction  hence  never 
went  beyond  the  stage  of  Na^S,  but  even  this  quite  incompletely  : 
NagCOs  was  never  found.  If  no  steam  was  employed,  and  rather 
more  than  1  mol.  CO3  was  present  to  1  mol.  CO,  no  reduction 
of  the  Na2S04  took  place. 

It  is,  however,  probable  that  better  results  than  the  above  can 
be  obtained  under  other  circumstances,  for  the  Hautmont  Chemical 
Works  have  tried  the  process  on  a  large  scale  for  several  years,  as 
I  have  explained  in  my  Report  on  the  Paris  Exhibition  (Zsch.  f. 
aiigew.  Chem.  1889,  p.  601).  Considerable  mechanical  difficulties 
arose  by  the  crumbling  of  the  lumps  and  in  keeping  the  proper 
'temperature :  the  reaction  only  begins  at  550°  C,  and  cannot  be 
continued  beyond  650°,  owing  to  the  softening  of  the  sulphide. 
The  best  results  were  obtained  when  working  very  slowly,  that  is 
extending  the  time  of  conversion  to  ten  or  twelve  days,  with 
cylinders  5  ft.  diameter  and  6  ft.  6  in.  high,  holding  2  tons  of 
saltcake  in  the  shape  of  Hargreaves  cakes.  In  this  case  the  com- 
position of  the  product  was :  96*2  NajCOg,  1*7  NagSOi,  0*2  NajS, 
0*1  NaCl,  1*8  insoluble.  No  utilization  of  the  SO2  was  attempted. 
[1  pointed  out  at  the  same  time  that  this  analysis  evidently 
referred  to  picked  lumps^  not  to  a  real  average  sample,  and  that 
the  great  dilution  of  the  SOj  with  CO2  and  N  makes  it  perfectly 
hopeless  to  think  of  utilizing  it  for  the  manufacture  of  sulphuric 
acid  or  for  the  Hargreaves  process.] 
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Claus  (Engl.  pat.  4922, 1886)  charges  a  Hargreaves  apparatus 
^ith  a  mixture  of  common  salt  and  small  coal^  and  converts  it 
into  saltcake  in  the  ordinary  way,  or  by  burning  HgS  recovered 
^m  Leblanc  waste.  The  resulting  mixture  of  Na3S04  and  coke 
is  brought  to  a  higher  temperature  by  heating  the  cylinders, 
and  heated  water-gas  (that  is  a  mixture  of  CO  and  H)  is  passed 
through,  thus  reducing  the  sulphate  to  sulphide.  Now  a  mixture 
of  CO2  and  steam  (obtained  by  the  action  of  the  water-gas  on  the 
sulphate)  is  passed  through ;  the  H2S  escaping  is  burned,  and  the 
product  is  employed  as  above ;  the  residue  is  separated  by  lixivia- 
tion  into  a  solution  of  sodium  carbonate  and  coke,  which  is  again 
mixed  with  salt,  and  so  on. 

Quite  similar  to  this  process  is  that  of  G.  E.  Davis  (Engl.  pat. 
11846,  1887).  He  also  employs  water-gas  for  reducing  salt- 
cake,  obtained  in  a  Hargreaves  apparatus,  but  without  any 
admixture  of  coke.  According  to  him  only  the  hydrogen  has  a 
reducing  action,  and  the  CO  escapes  unchanged  with  the  excess 
of  hydrogen  and  the  steam  formed  in  the  reaction.  These  gases 
are  to  be  passed  over  heated  surfaces,  by  which  they  are  trans- 
formed into  CO3  and  H.  The  CO2  is  then  employed  for  decom^ 
posing  the  sodium  sulphide. 

Long  before  this  A.  E.  Fletcher  had  obtained  provisional 
protection  (No.  1786, 1873)  for  transforming  NaCl  by  SOj,  steam, 
and  air  into  Na2S04,  treatment  of  the  latter  with  reducing  gases 
in  the  same  vessels,  and  conversion  of  the  Na^S  thus  formed  into 
-carbonate  by  COg. 

Action  of  calcium  aulphydrate  on  sodium  sulphate. — We  have 
already  (Vol.  II.  p.  867)  briefly  mentioned  the  process  of 
Haddock  and  Leith  (Engl.  pat.  11296  &  15648,  1890 ;  paper  by 
Leith  in  Joum.  Soc.  Chem.  Ind.  1890,  p.  214).  This  combines 
the  Leblanc  process  with  a  new  one,  utilizing  the  CaS  waste  of 
the  former  by  treating  it  with  H2S  after  mixing  it  with  water  to 
a  paste,  and  thus  converting  the  CaS  into  soluble  sulphydrate, 
C!aS2H2.  The  solution  of  the  latter  is  treated  with  a  strong  solu* 
tion  of  sodium  sulphate,  thus  forming  a  precipitate  of  calcium 
sulphate  and  a  solution  of  sodium  sulphydrate.  The  latter  is 
converted  into  bicarbonate  by  passing  CO2  through  it ;  half  of  the 
escaping  H2S  is  employed  for  treating  a  fresh  quantity  of  Leblanc 
waste ;  the  other  half  remains  at  disposal  for  the  various  purposes 
of  utilization,  described  Vol.  II.  p.  883  et  seq.    Thus  of  a  given 
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quantity  of  saltcake  always  one  half  is  worked  up  by  the  Leblanc 
process^  and  the  other  half  is  treated  by  the  new  process,  by  means^ 
of  the  CaS^Hs  obtained  from  the  waste  of  the  former.  Half  of 
the  sulphur  is  obtained  as  calcium  sulphate  (^^  pearl-hardening^'), 
the  other  half  as  £[28.  Great  hopes  were  entertained  that  all  this* 
pearl-hardening  might  be  utilized  in  the  manufacture  of  paper  and. 
textile  fabrics. 

The  sodium  sulphate  is  to  be  dissolved  in  the  washings  of  the* 
process,  adding  the  mother  liquor  from  the  bicarbonate,  thus- 
saturating  the  free  acid  and  precipitating  the  iron,  lime,  and  mag- 
nesia contained  in  ordinary  saltcake.  The  clarified  solution  is* 
mixed  with  an  equally  clarified  solution  of  calcium  sulphydrate,. 
and  the  mixture  conveyed  to  a  filter,  where  the  CaSO^  is  retained. 
The  solution  of  NaHS  running  oflf  is  freed  from  dissolved  CaS04 
by  adding  some  bicarbonate  liquor,  and  after  filtration  is  concen- 
trated in  vacuum  pans  until  it  contains  26*2  per  cent.  NaHS< 
=  14*5  per  cent.  NagO.  It  is  now  treated  in  Solvay  towers  or 
similar  apparatus  with  COa,  free  from  oxygen,  until  its  alkalinity 
is  reduced  to  8*4  per  cent.  Na20  or  below.  The  precipitate  of' 
sodium  bicarbonate  is  filtered,  washed,  and  dried  or  calcined ;  the* 
escaping  CO3  is  used  over  again.  As  before  mentioned,  part  of 
the  HjS  formed  in  this  operation  is  used  again  in  the  process  andi 
part  is  utilized  in  other  ways.  The  bicarbonate  mother  liquors- 
are  again  treated  with  CO3,  to  precipitate  more  NaHCOs,  and  the- 
new  mother  liquors  are  employed  for  dissolving  fresh  saltcake. 

The  treatment  of  the  Leblanc  waste  by  30  per  cent.  H2S  takes^ 
place  in  a  set  of  four  "  carbonators,''  upright  cylinders  with  hemi-^ 
spherical  ends,  just  as  in  the  Claus-Chance  process  (Vol.  II.  p.  872) ;. 
it  takes  about  four  or  five  hours.  "With  a  50  ton  set  this  quantitjr 
can  be  treated  every  24  hours.  About  1  per  cent,  sulphur  (equal 
to  8  per  cent,  of  the  total  sulphur)  remains  in  the  mass,  about 
^  to  I  per  cent,  as  ferrous  sulphide,  that  is  as  an  unavoidable  loss. 
Even  with  15  per  cent.  H3S  solutions  are  obtained  containing  14 
per  cent,  soluble  sulphur,  and  with  stronger  gas  up  to  18  per  cent., 
soluble  sulphur  can  be  obtained. 

Leith  quotes  calculations,  according  to  which  the  manufacture 
of  a  ton  of  58  per  cent,  soda-ash  leaves  a  profit  of  £6  5^.,  assuming 
the  value  of  the  pearl-hardening  =£3  4^.  {£2  per  ton,  present 
market  price  £8  5«.) ;  the  recovered  sulphur,  &c.,  is  also  taken 
into  account.     He  points  out  many  advantages  of  the  process^ 
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^especially  the  preparation  of  NaHS  in  the  wet  way,  the  fact  that  no 
Ammonia  is  required  and  that  the  bicarbonate  need  not  be  puri* 
-fied  from  it,  the  absence  of  any  waste,  and  so  forth. 

During  the  discussion  of  the  paper  {loc.  cit.  p.  219)  these  claims 
for  improvements  were  strongly  attacked;  especially  doubts  were 
raised  concerning  the  purity  of  the  precipitated  calcium  sulphate 
and  the  possibility  of  disposing  of  such  large  quantities  of  it ; 
Hurter  objected  to  nearly  all  the  figures  given  by  Leith  and  to 
the  possibility  of  manufacturing  soda-ash  of  the  degree  of  purity 
•claimed. 

The  process  of  Haddock  and  Leith  undoubtedly  possesses  some 
^eat  theoretical  advantages;  but  the  reactions  will  hardly  be 
effected  so  easily  as  anticipated,  and  the  realization  of  the  profits 
-depends  entirely  on  the  very  doubtful  utilization  of  by-products. 
In  spite  of  the  enormous  profit  shown  by  calculation,  it  does  not 
iseem  to  have  been  carried  out  on  the  large  scale* 

Decomposition  of  Sodium  Sulphide  in  other  ways  than  by 

gaseous  carbonic  acid. 

By  acetic  acid. — Sodium  sulphide  obtained  by  heating  sulphate 
-with  coal,  according  to  Duhamel  and  Marggraf,  is  converted  into 
acetate,  and  this  by  drying  and  ignition  into  carbonate.  This 
process  is  only  of  historical  interest. 

By  steam. — Gossage  (Prov.  Prot.  1176,  1870)  proposed  super- 
lieated  steam  for  decomposing  Na2S  into  NaOH  and  H^S,  but  did 
not  complete  the  patent. 

By  sodium  bicarbonote.— Wilson  (No.  8399,  1840)  patented  the 
•decomposition  of  sodium  sulphide  and  bicarbonate  into  mono- 
-carbonate  and  sulphuretted  hydrogen,  thus  : 

NajS  +  2NaHC08=2NaaC08+ H3S. 

A  solution  of  48  parts  sodium  sulphide  is  to  be  boiled  with  85  parts 
■dry  sodium  bicarbonate,  the  HjS  collected  in  a  gas-holder  and 
burnt  in  order  to  be  converted  into  sulphuric  acid  in  vitriol- 
x^hambers.  Werckshagen  patented  the  same  process  (No.  321, 
1853) ;  he  proposes  to  make  sulphur  from  the  H^S  by  bringing  it 
into  contact  with  SO9  and  steam.  Bohringer  and  Clemm 
(No.  945,  1853)  again  patented  the  same  thing,  also  with  the 
proposal  to  decompose  HjS  by  SOj.  Both  Wilson  and  Gossage 
include  this  process  in  their  patents  of  1858  (see  above). 
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We  have  seen  (Vol.  II.  p.  612)  that  all  these  processes  rest  on  a 
wrong  basis.  The  reaction  between  NagS  and  NaHCOj  is  quite 
incomplete  and  cannot  possibly  be  carried  out  in  the  above  way. 
The  decomposition  requires  a  large  excess  of  COj,  which  renders 
the  utilization  of  the  HjS  too  diflScult. 

By  heating  with  coal. — Pedder  (Engl.  pat.  2373,  1894)  heats 
65  parts  of  sodium  sulphate  with  48  parts  of  coal.  The  product,, 
consisting  of  sodium  sulphide  and  carbon^  is  ground  up  with 
carbon  and  water,  and  heated  in  a  revolving  furnace,  so  as  either 
to  volatilize  [?]  or  to  oxidize  the  sulphur.  In  the  latter  case  the 
reaction  is  stated  to  be : 

2Na3S  +  2H3O  +  2C  + 100 = 2Na5C08 + 2SO2  +  2H2O. 

By  caustic  soda  or  caustic  lime. — ^Tessi^  du  Motay  (No.  1746,- 
1870)  proposes  these  for  decomposing  sodium  sulphide  by  heating 
them  together. 

By  ammonium  carbonate. — Laming  (patent  No.  2607,  1859} 
proposed  a  number  of  different  ways  for  making  sodium  carbonate 
from  sulphide  by  means  of  ammoniacal  gas-liquor.  The  principal 
being  in  all  the  same,  it  will  suffice  to  describe  one  of  these  plans. 
Sodium  sulphide  is  moistened  with  strong  ammoniacal  liquor 
(i.  e.  mostly  ammonium  carbonate  and  sulphydrate),  and  heated 
to  dryness  in  a  retort  at  a  temperature  of  150°  C. ;  ammonium 
sulphydrate  volatilizes ;  and  from  the  residue  in  the  retort  sodium 
carbonate  is  extracted  by  lixiviation.  The  ammonium  sulphydrate 
is  conducted  through  a  porous  mass  containing  hydrated  iron 
oxide;  here  it  issues  as  HjS;  and  pure  NH3  escapes,  which  by 
treatment  with  carbonic-acid  gas  is  reconverted  into  ammonium 
carbonate. 

By  magnesium  carbonate,  S^c. — Clemm  (French  patent,  Oct.  6th^ 
1853)  proposes  mixing  a  concentrated  solution  of  sodium  sulphide 
with  neutral  magnesium  carbonate  and  heating  to  300°  C.  Or 
1  equivalent  of  common  salt  is  decomposed  by  2  equivalents  of 
kieserite  (anhydrous  magnesium  sulphate) ;  by  this  a  double 
sodium  magnesium  sulphate  is  formed,  mixed  with  MgCl^  :  this  is 
evaporated  to  dryness,  ignited  till  the  latter  has  been  decomposed 
into  MgO  and  HCl,  25  to  30  per  cent,  coal  added  to  the  residual 
mixture  of  the  double  salt  and  magnesia,  and  the  mass  heated  on 
a  hearth  made  of  magnesite.  Hereby  SO3  escapes  and  is  worked 
for  vitriol.     The  porous  mass  is  allowed  to  cool  in  closed  vessels ; 
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it  contains  sodium  sulphide^  magnesia^  soda^  and  an  excess  of  coaL 
It  is  treated  with  CO3  in  order  to  expel  the  H^S^  and  at  last 
heated  to  300^  C.  in  order  to  drive  off  all  the  sulphur. 

By  native  carbonate  of  iron. — Habich  (Dingl.  Joum.  cxl.  p.  370) 
proposed  this  method  at  first  for  desulphurizing  ordinary  black* 
ash  tank-liquor^  and  afterwards  as  a  soda-making  process.  But^ 
according  to  the  unanimous  testimony  of  practical  men^  that 
mineral  can  effect  neither  the  one  purpose  nor  the  other^  as  it  acts 
too  slowly  and  incompletely.  The  same  process  had  been  already 
patented  in  England  by  Cottrill  (No.  74,  1853) .  In  Prance,  De  la 
Souchere  patented  it  again  in  1878. 

By  alumina. — ^Wagner  (in  his  '  Jahresbericht,'  1865,  p.  332)  pro- 
poses to  employ,  instead  of  carbon  dioxide,  the  much  more  active 
alumina  (from  bauxite  or  cryolite)  for  expelling  the  sulphur  from 
Na^S,  by  boiling  it  with  a  solution  of  the  latter.  The  H^S  is  to 
be  absorbed  by  Laming's  mixture  or  ferric  chloride,  and  the 
sodium  aluminate  converted  by  CO2  into  carbonate  and  aluminium 
hydrate.  This  method  seems  never  to  have  been  tried  anywhere. 
If  the  alumina  really  acted  simply  and  easily,  it  would  also  furnish 
pure  H2S ;  but  it  does  not  look  very  promising. 

A  modification  of  this  process  was  patented  by  Siermann  (German 
patent.  No.  3280^  1878).  Sodium  sulphate  and  alumina  are 
ground  up  together,  leaving  a  slight  excess  of  the  former,  and 
heated  in  an  iron  muffle  completely  surrounded  by  fire,  allowing 
the  air  to  enter  as  soon  as  the  mass  has  attained  a  bright-red  heat. 
Sulphur  dioxide  is  given  off  and  collected  in  a  chamber  common 
to  several  muffles,  which  are  charged  alternately  so  as  to  produce  a 
uniform  current  of  SOs»  which  is  conveyed  into  vitriol-chambers. 
The  residue  in  the  muffle,  consisting  of  sodium  aluminate,  is  drawn 
out,  lixiviated  with  water,  and  carbon  dioxide  passed  through  the 
solution  till  it  has  been  decomposed  into  a  precipitate  ot  aluminium 
hydrate  and  a  solution  of  sodium  carbonate.  The  former  is  used 
over  again  in  the  first  part  of  the  process.  The  carbon  dioxide  is 
best  supplied  by  the  fire-gases  from  the  muffle-fire,  which  is  for 
this  purpose  fed  with  coke. — This  process  is  anything  but  a  cheap 
one :  the  sodium  sulphide  will  play  great  havoc  with  the  iron 
muffles;  and  the  gas  evolved  can  hardly  be  converted  into 
sulphuric  acid  with  any  pecuniary  profit. 

By  ferric  or  manganic  oxide  in  the  wet  way. — Arrott  (No.  1370, 
1859)   patented  the  following  process : — A  quantity  of  peroxide 
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of  iron  or  oxide  of  manganese  is  put  into  a  solution  of  caustic 
soda,  and  the  solution  is  evaporated  and  heated  until  the  whole 
has  assumed  an  olive-yellow  colour.  Water  dissolves  out  from 
this  mass  caustic  soda,  leaving  the  oxide  in  a  state  to  take 
sulphur  from  the  sodium  sulphide.  A  solution  of  this  is  now 
added  so  long  as  the  oxide  continues  to  take  up  sulphur,  whereby 
a  solution  of  caustic  soda  and  a  precipitate  of  FeS  or  MnS  is 
produced.  The  weight  of  the  metallic  oxide  must  at  least  equal 
that  of  the  Na^S.  The  oxide,  caustic  soda,  and  solution  of  sodium 
sulphide  may  be  added  together.  Caustic  soda  is  obtained  by  heat- 
ing carbonate  of  soda  and  peroxide  of  iron  or  manganese  together 
to  a  full  red  heat  for  two  or  three  hours  and  lixiviating  the 
residue. 

Gossage  (No.  2612,  1859)  mixes  a  solution  of  sodium  sulphide 
with  ferric  oxide,  and  injects  a  current  of  carbonic  acid  by  means 
of  a  forcing-pump;  or  he  decomposes  sodium  sulphide  by  sodium 
bicarbonate  or  sesquicarbonate  in  the  presence  of  ferric  oxide. 
Iron  sulphide  is  precipitated,  which  is  either  dried  and  burned  for 
the  production  of  sulphuric  acid,  or  fluxed  with  common  salt  with 
access  of  air  to  form  sulphate. 

Wilson  (No.  7879, 1838)  treats  a  solution  of  sodium  sulphide 
with  hydrated  iron  protoxide,  and  passes  steam  through  the 
mixture.  The  Fe(0H)2  is  obtained  by  precipitating  PeCl2  with 
milk  of  lime,  the  FeCls  by  boiling  copperas  solution  with  common 
-salt,  in  which  case  anhydrous  sodium  sulphate  is  precipitated. 
The  copperas  is  recovered  by  treating  the  FeS  with  sulphuric  acid, 
burning  the  HjS,  and  making  from  it  sulphuric  acid  again  (!). 

The  sodium  sulphide-ferric  oxide  process,  after  being  neglected 
for  a  long  time,  was  again  brought  in  to  notice  by  the  labours  of 
EUershausen  (Engl.  pat.  1015,  9112,  16676  &  17815,  all  of  1890). 
The  following  description  is  principally  based  upon  my  personal 
observations  at  the  works  erected  by  the  inventor  (p.  233)  and 
on  my  own  analyses  of  the  products.  His  improvements  start 
from  the  production  of  the  sodium  sulphide,  as  explained 
on  p.  233.  The  sodium  sulphide  is  dissolved  in  any  suitable 
apparatus,  first  with  weak  liquor  of  a  former  operation,  then 
with  water,  the  temperature  being  kept  at  about  40°  C.  by  the 
chemical  reaction  itself.  The  lixiviation  is  stopped  when  the 
solution  turns  yellow;  this  is  supposed  to  show  that  the  more 
easily  soluble  NajS  is  exhausted^  and  that  new  polysulphides. 
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mostly  formed  during  the  dissolying  process^  enter  into  solution. 
The  specific  gravity  of  the  liquor  should  not  exceed  1*1 8,  An 
analysis  made  by  myself  showed  no  polysulphides^  but  3  grms. 
of  sulphur  per  litre  as  thiosulphate,  0*77  grm.  S  as  sulphate^  and 
71  grms.  S  as  NasS :  altogether  this  corresponds  to  144  grms. 
Na^O^  to  which  must  be  added  8*75  grms.  Na^O  as  carbonate 
and  2*4  as  chloride.  Other  analyses  (by  Netto)  of  such  solutions 
-showed  14  to  20  p.  c.  Na^O  as  sulphide,  0*3  to  1*3  p.  c.  as 
thiosulphate,  0*3  to  2*5  p.  c.  as  sulphate,  1  *0  to  3*4  p.  c.  as  carbo- 
nate (all  calculated  as  grm.  per  cent,  in  100  cub.  cent,  of  liquor). 

The  weight  of  the  insoluble  residue  is  about  10  p.  c.  of  the 
crude  sulphate ;  it  contains  about  60  or  70  p.  c.  coke,  4  p.  c. 
6ulphur  (3  p.  c.  not  yet  iiilly  oxidized),  and  oyer  15  p.  c.  Na20, 
mostly  in  an  insoluble  state. 

Probably  it  might  be  used  oyer  again  for  reducing  saltcake  to 
sulphide,  until  the  mineral  matter  of  the  coke  accumulated  too 
•much.  When  thrown  upon  a  heap,  it  becomes  heated  under  the 
influence  of  the  air,  but  it  emits  no  smell  of  HsS,  and  after  being 
sufficiently  weathered  it  yields  on  lixiyiation  a  good  crop  of  com- 
mercial  sodium  thiosulphate  (hyposulphite).  On  an  ayerage  it 
then  contains  12  p.  c.  of  this  salt  and  2  p.  c.  of  NasS04,  and  the 
jresidue  from  its  lixiyiation,  which  contains  about  7  p.  c.  insoluble 
NajOy  is  perfectly  harmless. 

Ttie  principal  novelty  in  Ellershausen's  process  is  this:  that 
he  causes  the  sodium  sulphide  to  react  not  with  ferric  oxide,  which 
acts  too  slowly,  but  in  a  much  more  rapid  and  complete  manner 
with  sodium  ferrite,  NajO,Fe208,  formed  by  heating  soda-ash  with 
ferric  oxide,  with  evolution  of  CO2.  It  is  practically  made  by 
heating  ''purple  ore''  from  the  wet  copper-extraction  process 
(Vol.  I.  p.  808)  with  some  cheap  kind  of  soda-ash,  of  which  much 
less  is  taken  than  corresponds  to  the  above  formula,  viz.  only  so 
much  that  for  each  100  parts  of  crude  purple  ore  25  parts  of 
Na^O =40  parts  of  good  soda-ash  are  employed.  The  heating  takes 
place  in  an  ordinary  open  calciner,  which  is  kept  at  a  pretty  good 
Jheat,  and  in  24  hours  consumes  30  cwt.  of  coal.  During  this  time 
ii  batches  of  10  cwt.  purple  ore  with  the  corresponding  quantity  of 
soda  are  put  through.  The  product  contains  about  70  p.  c.  Fe208 
4ind  15  to  20  p.  c.  Na^O;  also  about  5  p.  c.  NajCOs  and  5  p.  c. 
NajjSO^.     (The  formula  NajCOg  requires  27  NasO  to  70  FcjOa.) 

It  is  well  known  that  sodium  ferrite  is  decomposed  by  hot  water 
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into  ferric  oxide  and  sodium  hydrate;  but  in  the  EUershausen 
process  it  is  employed  in  the  granular  state,  quite  hot  as  it  comes- 
from  the  furnace  (this  is  important  to  observe ! ),  and  is  brought 
into  methodical  contact  with  NagS  by  filtering  the  solution  of  the 
latter  first  through  partially  spent  and  then  through  fresh  sodium 
ferrite,  by  which  treatment  the  Na^S  is  almost  completely  trans- 
formed into  NaOH.  This  reaction  is,  however,  somewhat  com- 
plicated, by  the  formation  of  a  ferrosodium  sulphide  to  which 
EUershausen  gives  the  formula  Fe2Na2S4.  This  would  correspond 
to  the  following  reaction  : — 

Na^FcaO^  +  4HjO  4-  4Na3S  ^'Nsi^Te^S^,  +  8NaOH. 

Probably  several  ferrosodium  sulphides  of  difi^erent  composition, 
are  formed,  but  all  of  these  are  insoluble  and  do  not  carry  any 
iron  into  the  solution,  whereas  the  ferrosodium  sulphides  occurring^ 
in  the  Leblanc  process  are  soluble  (Vol.  II.  p.  603). 

In  the  EUershausen  process  the  formation  of  soluble  com-^ 
pounds  of  this  kind  can  only  be  avoided  by  not  aUowing  the 
liquors  to  exceed  spec.  gray.  1*18;  otherwise  iron  is  found  in  the 
liquor.  This  also  occurs  through  contact  with  air,  and  is  proved 
by  the  brown  colour  of  the  liquors. 

The  filtration  takes  place  through  a  layer  of  sodium  ferrite^ 
from  18  inches  to  3  feet  thick,  resting  on  a  bed  of  coke.  The 
spent  ferrite  contains  10  p.  c.  NagS,  37  p.  c.  Fe^Sa,  19  p.  c.  FcjOs, 
28  p.  c.  H3O,  &c.  Its  treatment  will  be  described  later  on.  The 
caustic  liquor  running  off  is  more  concentrated  than  would  be 
expected,  viz.  spec.  grav.  1*275,  possibly  because  the  newly  formed 
insoluble  compounds  absorb  some  water  for  the  formation  of 
hydrates.  Analyses  of  the  caustic  liquor  show  1 1  to  30  p.  c.  NaOH, 
4  to  10  p.  c.  NagCOa,  4  to  6  p.  c.  NajSO^  (after  oxidizing  the  total 
sulphur) ;  there  is  very  Uttle  unchanged  sulphide  present.  This 
liquor  is  sufficiently  concentrated  to  be  at  once  charged  into  a 
caustic  pot  (Vol.  II.  p.  786) ;  here  it  is  brought  to  spec.  grav.  1*55,. 
settled  for  12  hours,  and  finished  in  a  second  pot.  The  first  con- 
centration takes  two  days,  the  second  a  whole  week.  Each  pot, 
containing  14  tons  of  caustic,  receives  5  cwt.  of  nitrate  of  soda, 
when  the  spec,  gravity  of  the  liquor  has  risen  to  1*45.  Each 
pot  furnishes  13  tons  best  white  caustic  and  1  ton  bottoms  of  a 
grey  colour. 

A  difficulty  in  the  EUershausen  process  consists  in  the  treatment- 
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of  the  "spent  ferrite/'  According  to  his  patent  No.  16676^ 
1890,  it  should  either  be  decomposed  by  roasting  into  ferric  oxide, 
sodium  sulphate,  and  SO^,  or  it  should  be  exposed  to  the  action  of 
the  air,  in  order  to  lixiviate  the  sodium  thiosulphate  and  to  obtain 
ferrous  sulphide,  which  is  to  be  utilized  by  burning.  Neither  of  these 
processes  is  practicable,  owing  partly  to  the-  want  of  utilization 
for  the  soda,  and  partly  to  the  impossibility  of  treating  economic 
cally  such  dilute  SOs  as  must  be  formed  here. 

Undoubtedly  the  EUershausen  process  has  several  important 
advantages  in  comparison  with  the  Leblanc  process.  It  furnishes 
direct  from  sodium  sulphide  a  rather  concentrated  solution  of 
caustic  soda,  without  employing  calcium  carbonate  for  producing^ 
'' black-ash,^^  or  quicklime  for  causticizing;  there  is  also  no  waste 
of  an  offensive  character.  But  its  great  drawback  is  the  retention 
of  all  the  sulphur  and  of  very  much  soda  (theoretically  \  of  the 
whole,  practically  of  course  more)  in  the  '^  spent  f errite.'*  Ac- 
cording to  a  later  patent  (No.  20012, 1890)  EUershausen  proposes 
to  decompose  this  by  carbonic  acid,  either  in  the  wet  state,  with 
formation  of  H2S,  or  in  the  dry  state  in  a  muffle-furnace,  with 
formation  of  SO^ :  the  residual  mixture  of  sodium  carbonate  and 
ferric  oxide  was  to  be  re-converted  into  sodium  f errite  by  heating 
in  a  furnace.  The  second  of  these  alternatives  is  impossible,  as 
the  sodium  will  not  be  transformed  into  carbonate,  but  principally 
into  sulphate,  and  the  SO2  certainly  cannot  be  utilized.  Neither 
is  the  first  practicable,  since  the  decomposition  of  the  insoluble 
ferrosodium  sulphides  by  CO,  is  quite  incomplete.  This  de- 
composition is  much  more  complete  in  the  process  patented 
by  Lunge  and  Dewar  (No.  8018,  1891),  viz.  the  simultaneous 
action  of  1  vol.  CO2  and  4  vols,  atmospheric  air  on  the  substance 
in  a  moist  state.  In  this  case  most  of  the  soda  is  converted  into* 
carbonate,  very  little  of  it  into  thiosulphate,  and  both  are  removed 
by  lixiviation.  The  residue  besides  ferric  hydroxide  contains  very 
much  free  sulphur,  which  can  be  obtained  by  melting,  burning,  or 
extracting  with  carbon  sulphide;  also  a  little  soda  in  the  shape  of 
another  ferrosodium  sulphide,  which  is  utilized  by  mixing  the 
washed  residue  with  more  soda-ash  and  working  it  again  for 
sodium  ferrite.  This  process,  however,  has  not  been  carried  out 
beyond  the  laboratory,  as  the  EUershausen  process  had  .in  the 
meantime  ceased  to  work  on  a  manufacturing  scale. 

JBy  copper,  zinc,  or  lead   oxide. — As  early  as   1804  Clayfield 
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obtained  a  patent  (No.  2793)  for  treating  sodium  sulphide  with 
lead  or  zinc^  or  their  oxides^  for  the  purpose  of  alkali-making. 
Priickner  in  1829  gained  a  prize  offered  by  the  St.  Petersburg 
Academy  of  Sciences  for  the  following  process : — Sodium  chloride 
with  ammonium  sulphate  are  decomposed  into  sodium  sulphate  and 
ammonium  chloride.  By  ignition  with  coal  the  sulphate  is  reduced 
to  sulphide ;  and  its  solution  is  boiled  with  coppersmiths'  scales 
{CusO)  till  all  the  sulphur  has  been  precipitated  as  copper  sulphide 
And  only  caustic  soda  remains.  The  former,  by  gentle  roasting,  is 
■converted  into  cupric  sulphate,  or  more  strongly  heated  till  only 
CuO  remains ;  the  escaping  SO^  is  conducted  into  ammonia-liquor, 
obtained  by  heating  the  ammonium  chloride  of  the  first  operation 
M'ith  lime.  The  ammonium  sulphite  remains  in  contact  with  the 
air  till  it  has  been  converted  into  sulphate,  and  can  serve  for 
again  decomposing  common  salt.  The  caustic  soda  is  used  as  such, 
or,  by  evaporating  with  coal-dust  and  igniting,  converted  into 
carbonate  (!).  In  1839,  Poole,  for  some  anonymous  individual, 
obtained  a  patent  (No.  8304)  for  an  exactly  similar  process ;  but 
he  converts  his  caustic  in  a  more  rational  way  into  carbonate  (if 
such  a  conversion  can  be  called  rational  at  all),  viz.,  by  a  current 
of  CO,  in  a  tower  filled  with  pieces  of  granite.  The  ammonium 
^sulphite  is  oxidized  by  exposing  its  solution  for  a  sufBicient  time  to 
a  current  of  air  in  a  vessel  filled  with  wood  shavings,  analogous  to  a 
vinegar-makingtub.  Shortly  after  (No.  8356, 1840)  Hunt  patented 
the  same  method  in  a  somewhat  different  form.  Sodium  sulphide, 
obtained  by  heating  sulphate  with  one-third  of  coals,  is  dissolved 
and  treated  with  a  mixture  of  2OCU3O  (obtained  by  decomposing 
CujCls  with  lime)  and  1  metallic  copper,  so  that  caustic  soda  and 
oopper  sulphide  are  formed.  The  latter  is  gently  heated  in  order 
to  obtain  cupric  sulphate,  which  is  decomposed  with  NaCL  into 
•CuClj  and  Na2S04 ;  the  CuClj  being  digested  with  finely  divided 
oopper,  is  converted  into  CugCl,,  which,  owing  to  its  insolubility, 
is  easily  separated  from  the  solution  of  sodium  sulphate.  Instead 
of  CuO,  ZnO  may  be  employed  for  desulphurizing.  The  metallic 
.sulphides  may  also  be  more  strongly  roasted,  and  the  arising  SO^ 
utilized  in  vitriol -chambers. 

Possoz  (Compt.  Rend,  xlvii.  p.  848)  takes  up  the  proposal  of 
Priickper  (also  advocated  by  Persoz),  principally  in  order  to 
employ  the  caustic  soda  for  making  oxalic  acid  from  sawdust 
according  to  his  method.     Possoz  found  that  the  suboxide,  Cu^O, 


DECOMPOSITION  OF  SODIUM  SULPHIDE.  253^ 

is  more  suitable  than  the  protoxide^  CU2O3  because^  on  using  the 
latter^  part  of  the  sulphide  is  converted  into  sulphate  and  hypo- 
sulphite. Johnson^  No.  1352, 1862^  again  patented  (for  Burton)  the 
desulphurization  of  Na^S  by  CU2O  (or  FejOg) ;  even  later  Parnell 
obtained  a  patent  (No.  2399,  1870)  for  employing  zinc  oxide, 
also  Crockfoi-d  (Nos.  1531  and  2024,  1871);  and  on  April  3rd, 
1876,  Bazin  and  Wilden  obtained  a  French  patent  simply  for 
making  caustic  soda  from  sodium  sulphide  and  cupric  or  ferric 
oxide. 

M'Clintock  (No.  2695,  1861)  obtained  provisional  protection 
for  the  following  process : — Seven  parts  sodium  sulphate  are  fluxed 
with  8  parts  copper  oxide  and  3  to  3^  parts  coals ;  from  the  mass 
sodium  carbonate  is  be  dissolved  out,  the  remaining  copper 
sulphide  to  be  calcined  to  oxide,  or  regulus,  or  sulphate,  &c. 

Lalande  (Germ.  pat.  41991)  employs  the  well-known  reaction 
between  Na2S  and  zinc  oxide,  which  is  to  be  made  more  active  by 
treating  it  with  alkali,  either  hot  or  cold,  but  without  being  under 
the  necessity  of  dissolving  all  the  ZnO.  So  far  as  can  be  judged 
from  Lequin's  official  Report  on  the  Paris  Exhibition  of  1889, 
p.  97,  the  process  offers  no  novelty ;  indeed  when  acting  upon 
pure  Na^S  with  ZnO  there  must  be  at  once  a  formation  of 
NaOH,  which  is  alleged  to  make  the  mass  more  active !  Experi- 
ments made  at  the  St.  Gobain  works  showed  a  smooth  reaction,, 
but  it  was  too  difficult  to  filter  the  ZnS  and  recover  the  ZnO 
therefrom,  much  ZnSO^  being  formed — just  the  same  difficulties 
as  have  always  occurred  in  former  experiments  in  this  direction. 

By  sodium  silicofluoride  (Claus,  No.  3745,  1869). — Equivalent 
quantities  of  this  compound  and  of  sodium  sulphide  are  heated  by 
steam  in  a  closed  vessel.     The  reaction  is : 

NajSiFe  +  2Na,S  +  2H80 = 6NaF  +  SiO,  +  2H2S. 

The  H2S  is  collected  and  utilized  in  some  manner.  The  residue,, 
consisting  of  a  solution  of  sodium  fluoride  and  of  silica,  is,  by 
treatment  with  calcium  hydrate  or  carbonate,  converted  into 
NaOH  or  NajCOa  and  CaP2.  The  latter  is  mixed  with  the  silica,, 
treated  with  HCl  and  then  with  NaCl;  sodium  silicofluoride  is 
regenerated,  as  well  as  HCl,  which  can  be  obtained  by  distiUation. 
Even  the  chlorine  of  the  NaCl  can  be  utilized  if,  instead  of  lime, 
magnesia  be  employed  for  decomposing  the  sodium  fluoride.  Ac- 
cording to  direct  information  from  Mr.  Claus,  the  reactions  of  this 
process  are  both  quick  and  complete. 
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CHAPTER  XIV. 

THE  MANUFACTUKE  OF  SODA  FROM  NITRATE  OF  SODA 

AND  FELSPAR. 

From  Nitrate  of  Soda. 

All  the  sodium  nitrate  which  is  required  for  the  manufacture  of 
nitric  acid  or  directly  used  in  vitriol- works  is  converted  into  acid 
sulphate  (nitre-cake) ;  and  a  large  qucuitity  of  this  is  employed  in 
alkali-making.  There  exists,  however,  a  series  of  proposals  for  the 
direct  utilization  of  nitrate  in  the  alkali-manufacture. 

By  means  of  coal,  by  deflagration  and  lixiviation  of  the  residue. 
— Duhamel  (1735)  was  already  aware  of  this  reaction;  Marggraf 
(1762)  confirmed  it ;  and  Leuchs  in  1844  still  thought  it  applicable 
if  nitrate  was  cheap  enough !   (Wagner's  'Regesten/  p.  55). 

Fannie  Brown  (Engl.  pat.  11008,  1884)  mixes  nitrate  of  soda 
'with  coal-dust,  compresses  the  mixture  and  heats  it  to  combustion. 
"The  mass  is  lixiviated,  and  the  solution  is  brought  to  crystallization 
.or  converted  into  bicarbonate  by  means  of  the  COj  obtained  by 
burning  the  carbon  monoxide  formed  in  the  first  reaction.  [This 
^^  invention  **  is  probably  the  outcome  of  popular  evening  classes  on 
chemistry;  Mrs.  or  Miss  Brown  has  taken  out  no  less  than  three 
patents  in  this  connection.] 

A.  &  G.  Freda  and  Patroni  (French  pat.  306298)  again  patent 
the  manufacture  of  alkaline  carbonates  from  nitrates  and  charcoal, 
without  any  novelty. 

By  manganese  peroxide. — ^Wohler  showed  (1861)  that  on  igniting 
sodium  nitrate  with  Mn02  without  access  of  air,  the  nitric  acid 
is  completely  decomposed  and  a  mixture  of  caustic  soda  with  a 
lower  oxide  of  manganese  remains  behind;  not  a  trace  of  sodium 
manganate  is  formed  (Ann.  Chem.  Pharm.  cxix.  p.  375). 

By  potassium  carbonate. — Leuchs  seems  to  have  been  the  first 
to  propose  making  potassium  nitrate  and  sodium  carbonate  by 
mutually  decomposing  chemically  equivalent  quantities  of  sodium 
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nitrate  and  potassium  carbonate.  Anthon  (1840)  found  this 
method  to  answer  Tery  well.  Gentele  (Dingl.  Joum.  cxviii. 
p.  200),  Kuhlmann  (Bull.  Soc.  d'Encourag.  1859,  p.  567),  BoUey 
<Dingl.  Joum.  civ.  p.  418),  WoUner  (Polyt.  Notizbl.  1860,  p.  49), 
Schnitzer  (Dingl.  Joum.  clxii.  p.  132),  Schwarz  (ib.  clxiii.  p.  314), 
and  Griineberg  (ib.  clxvi.  p.  75)  give  explicit  details  on  this  process. 
•Griineberg  seems  to  have  been  the  first  who,  during  the  Crimean 
war  (1854-55)  and  subsequently,  manufactured  potassium  nitrate 
and  sodium  carbonate  by  this  now  abandoned  process.  Also  the 
manufacture  of  potassium  nitrate  by  means  of  caustic  potash,  with 
<»ustic  soda  as  a  by-product,  belongs  here  (described  by  myself 
in  Dingl.  Journ.  clxxxii.  p.  388) ;  but  in  all  cases  the  potassium 
nitrate  is  the  principal  product,  and  soda  only  a  by-product,  while 
in  the  patent  of  De  Sussex  (No.  11263,  1846)  it  was  proposed  to 
decompose  common  salt  by  nitric  acid  and  then  convert  the  sodium 
nitrate  into  carbonate ! 

By  ammonium  bicarbonate. — The  application  of  the  ammonia- 
fioda  process  for  converting  sodium  nitrate  into  sodium  bicarbonate 
and  ammonium  nitrate  has  been  described,  p.  155. 

By  iron  or  other  metals. — PoUacci  (Chem.  News,  xxvi.  p.  288) 
heats  a  mixture  of  sodium  nitrate  with  two  or  three  times  its 
weight  of  iron  wire  in  an  iron  crucible  or  retort  to  a  red  heat ;  the 
mass  is  lixiviated  with  water :  caustic  soda  is  dissolved,  and  ferric 
oxide  remains  behind : 

lOFe  +  6NaN03= 3Na20  +  SFe^Oa  +  6N. 

liVohler  (Ann.  Chem.  Pharm.  Ixxxvii.  p.  378)  employs  cut-up  copper 
foil  for  the  same  purpose.  Neither  of  these  processes  has  any 
practical  interest.  Heard  (No.  7756,  1838)  patented  melting 
lead  with  sodium  nitrate,  treating  the  product  with  COs  in  closed 
vessels,  and  separating  the  soda  from  the  white  lead  by  lixiviation. 
Hill  (Chem.  News,  xxvii.  p.  170)  points  out  that  solutions  of 
sodium  nitrate  at  a  high  temperature  are  converted  by  zinc  info 
caustic  soda,  ammonia,  and  hydrated  zinc  oxide ;  this  could  only 
become  of  technical  importance,  even  with  the  present  high  price 
of  ammonium  salts,  if  the  problem  were  solved  of  recovering  the 
ssinc  from  the  hydroxide  simply  and  cheaply. 

In  the  Hargreaves  process  for  converting  pig-iron  into  malleable 
iron  by  means  of  nitrate  of  soda  (which  has  never  been  worked  on 
a  large  scale  for  any  length  of  time),  the  soda  passes  into  the  slag 
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aa  carbonate^  aud  the  inventor  proposed  to  recover  it  from  the 
same  (Mechanics' Magazine,  1868,  p.  186). 

By  magnesium  or  calcium  sulphate. — Kuhhnann  (Compt* 
Bend.  Iv.  p.  246)  showed  that  sodium  nitrate  on  being  ignited 
with  the  above  salts  is  converted  into  sulphate,  whilst  nitrogea 
tetroxide  escapes,  which  on  being  brought  into  contact  with  air 
and  water  regenerates  nitric  acid.  Thus  sodium  sulphate  would 
be  obtained  along  with  nitric  acid. 

By  silica  or  alumina. — Already  in  1648  (Wagner's  '  Regesten/ 
p.  56)  Glauber  knew  that  on  igniting  a  mixture  of  saltpetre  with 
clay,  &;c.  nitric  acid  was  expelled.  Latterly  attention  has  again 
been  drawn  to  the  fact  of  nitrate  being  decomposed  by  silica 
(Reich's  saltpetre  test,  Dingl.  Journ.  clx.  p.  357)  and  alumina 
(Wagner,  in  his  ^  Jahresbericht,'  1865,  p.  250);  thus  sodium  silicate 
or  aluminate  might  be  obtained,  and  by  CO3  converted  into  soda, 
recovering  SiO^  and  AljOj.  Of  course  an  indispensable  condition 
is  the  complete  recovery  of  the  nitric  acid  from  the  nitrogen  oxides. 
This  process  was  patented  in  England  (No.  2026, 1866)  by  Newton 
for  Baker,  Poole,  and  Stace;  they  wanted  to  employ  the  recovered 
nitric  acid  for  decomposing  common  salt.  Another  patent  by 
Baker  is  No.  2866,  1870. 

According  to  experiments  made  by  myself  (Dingl.  Journ, 
ccxliii.  p.  157),  vessels  made  of  platinum,  iron,  or  glass  are 
strongly  acted  upon  in  the  above  reaction ;  even  Berlin  porcelain 
never  stood  more  than  one  operation.  The  maximum  decompo- 
sition (85  per  cent.)  was  attained  with  the  proportion  1  moL 
AljOj  to  3  mols.  NaNOs*  Had  it  been  possible  to  stir  the  mass,, 
probably  less  alumina  would  have  been  required,  and  the  decompo* 
sition  of  the  sodium  nitrate  might  have  been  carried  further.  The 
recovery  of  the  nitric  acid,  which  in  my  laboratory  experiment 
reached  89  per  cent.,  might  also  have  been  improved.  But  the 
strong  action  on  the  material  of  the  vessels  deterred  me  from 
pursuing  these  experiments  any  further. 

By  calcium  carbonate. — ^Walz  (Wagner's  Jahresb.  1869,  p.  182) 
heats  sodium  nitrate  with  calcium  carbonate  and  steam  in  retorts, 
condenses  the  nitric  acid,  of  which  almost  the  theoretical  quantity 
is  obtained,  and  utilizes  the  residue,  consisting  of  sodium  carbonate 
and  lime,  either  directly  or  after  lixiviating  with  cold  water,  for 
making  caustic  soda.  Exactly  the  same  thing  was  patented  ia 
Prussia  by  Lieber  in  1867  (Deutsch.  chem.  Ges.  Ber.  viii.  p.  49)  f 
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after  nine  months'  working  he  was  obliged  to  give  up  the  process^ 
owing  to  the  strong  corrosion  of  all  the  vessels. 

I  myself  had  experiments  made  in  my  laboratory  (DingU 
Joum.  ecxxxviii.  p.  69),  in  which  the  decomposition  was  carried 
out  in  strong  platinum  boats,  heated  in  a  porcelain  tube  by  a  coal* 
fire  as  high  as  possible.  When  employing  150  parts  of  CaCOs  to 
100  NaNOj(,  the  latter  was  completely  transformed  into  NaOH 
and  most  of  the  nitric  acid  was  recovered.  In  an  open  boat  thii^ 
decomposition  could  be  achieved  on  a  Bunsen  burner.  But  even 
platinum  vessels  were  destroyed  in  a  short  time,  so  that  the  process 
could  not  be  carried  out  in  practice. 

F.  M.  Lyte  (Engl.  pat.  5352,  1891)  employs  this  process  in 
order  to  utilize  the  nitric  acid  for  making  lead  nitrate,  which  is 
transformed  by  NaCl  into  lead  chloride  and  sodium  nitrate.  The 
lead  chloride  is  thus  electrolyzed,  and  the  sodium  nitrate  is  em- 
ployed as  before  (comp.  Chapter  XXVII.). 

Yogt  (Engl.  pat.  22018,  1891)  heats  sodium  nitrate  with  quick* 
lime  in  a  current  of  previously  heated  COs  gas  at  350°  C;  sodium 
carbonate  is  formed  and  nitrous  fumes  escape  which  are  oxidized 
into  nitric  acid.  The  presence  of  steam  and  heated  air  is  useful 
in  this  oxidation.  The  CO3  is  also  from  the  outset  mixed  with 
steam.  By  introducing  the  CO3  from  without,  the  temperature 
can  be  regulated  at  will,  and  the  direct  heating  of  the  apparatus 
need  not  be  carried  to  the  same  degree.  The  mass  must,  at  all 
events,  be  porous,  so  that  the  CO3  may  penetrate  and  the  nitroua 
vapours  may  escape ;  hence  the  necessity  of  admixtures,  for  which 
(besides  quicklime)  magnesia,  baryta,  strontia,  the  carbonates  of 
the  alkaline  earths,  and  the  oxides  of  manganese  or  iron  may  be 
employed.  The  temperature  of  decomposition  need  not  exceed 
850^  C.  from  the  beginning  to  the  end. 

Grarroway  (Engl.  pat.  7412,  1894)  heats  a  mixture  of  sodium 
nitrate  with  1^  times  its  weight  of  quicklime  (or  baryta,  strontia, 
or  magnesia)  in  a  current  of  superheated  steam  and,  if  necessary, 
also  with  some  heated  air  in  cast-iron  retorts ;  the  nitric  acid  is 
condensed,  and  the  residue  is  worked  for  caustic  soda.  The 
retorts  are  heated  by  the  waste  heat  of  pyrites  burners  or  in  any 
other  way. 

With  ferric  oxide. — ^In  1862  Mond  took  out  provisional  pro- 
tection (No.  2556)  for  preparing  nitric  acid  from  sodium  nitrate 
by  heating  the  latter  with  basic  or  indifferent  substances,  not 
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fusing  at  a  high  temperature  or  otherwise  changing^  like  the  oxides 
of  iron,  manganese,  copper,  cobalt,  or  nickel.  The  vapours  were 
to  be  passed  into  vitriol-chambers,  or  nitric  acid  was  to  be 
recovered  from  them  by  cold  water.  The  residue  may  be  advan- 
tageously worked  for  caustic  soda.  [This  last  must  have  ap- 
peared to  him  as  a  secondary  detail,  since  it  is  not  mentioned  in 
the  title,  and  therefore  it  could  not  have  been  included  in  the 
claims,  even  if  the  patent  had  been  completed,  which  was  not  the 
case.  Nothing  is  said  of  the  formation  of  a  chemical  compound  in 
the  case  of  ferric  oxide  being  employed ;  in  the  case  of  the  other 
oxides  no  such  compound  could  have  been  thought  of  at  all.] 

Bradbum  (Engl,  pat.,  by  Thompson,  No.  6710,  1889)  mixes 
2  mols.  NaCl  with  4  mols.  nitric  acid  and  1  mol.  MnO^  (or  a 
manganate  or  permanganate),  and  heats  the  mixture  in  an 
earthenware  retort,  whereupon  the  following  reaction  takes  place 
(comp.  Schloesing^s  chlorine  process.  Chap.  XXIII.)  : 

2NaCl + MnOg + 4HN08 = 2NaN0, + MnNA  +  Clg + 2HsO. 

The  chlorine  is  employed  in  the  usual  manner.  From  the  residue 
the  manganese  is  precipitated  by  caustic  soda,  and  Mn02  is 
recovered  by  means  of  air,  in  order  to  be  used  over  again  in  the 
first  stage.  The  sodium  nitrate  remaining  in  solution  is  recovered 
by  evaporation,  mixed  with  ferric  oxide  and  heated  in  a  current  of 
air.  The  mixture  of  nitrous  gases  is  conveyed  over  an  oxidizing 
compound  of  manganese  and  nitric  add  recovered  therefrom. 
The  residue  in  the  furnace  on  lixiviation  furnishes  a  solution 
of  caustic  soda  and  ferric  oxide,  which  can  be  used  over  again. 

F.  M.  Lyte  (Engl.  pat.  8692,  1891)  decomposes  sodium  nitrate 
with  ferric  oxide,  and  otherwise  proceeds  as  in  his  patent  No.  5352, 
1891 ;  comp.  p.  257. 

This  process,  which  had  never  been  experimentally  tried,  was 
worked  out  in  detail  by  myself,  and  forms  the  subject  of  patents 
by  Lunge  and  Lyte  (Nos.  13654  and  13655,  1893).  It  is  abso- 
lutely necessary  to  keep  the  mixture  of  sodium  nitrate  and  ferric 
oxide  in  a  porous  state,  in  order  to  make  it  permeable  for  the 
gases,  when  being  treated  with  heated  air  and  steam,  as  is  there  de- 
scribed. The  sodium  nitrate  must  therefore  be  intimately  mixed 
with  about  twice  its  weight  of  iron  oxide  in  as  pure  a  state 
as  possible,  e,  g.  ''purple  ore,'^  which  can  be  done  very  well 
by  evaporating  the  solution  after  adding  the  ferric  oxide.     It 
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•depends  up6u  the  nature  of  the  ferric  oxide,  that  is  its  physical 
-state,  how  much  has  to  be  employed  to  obtain  a  porous  mass  not 
fusing  during  the  process.  The  mixture  is  put  into  a  retort,  and 
a  current  of  heated  air  and  superheated  steam  is  forced  through 
it;  the  retort  is  also  heated  from  without.  The  decomposition  is 
most  perfect,  and  takes  place  at  a  lower  temperature,  if  neither 
steam  nor  air  is  used  alone,  but  a  mixture  of  both  is  employed. 
The  quantity  of  steam  is  regulated  in  such  manner  that  the  nitric 
acid  recovered  from  the  escaping  fumes  does  not  turn  out  too 
weak,  and  the  quantity  of  air  is  kept  in  sufficient  excess  to  trans- 
form the  lower  nitrogen  oxides  into  nitric  acid  by  means  of  a 
Lunge-Brohrmann  plate-tower  or  other  suitable  apparatus.  (About 
95  per  cent,  of  the  total  nitric  acid  can  be  thus  recovered.) 

The  residue  in  the  retort  is  a  greenish  mass,  consisting  of  a 
chemical  compound  of  soda  and  ferric  oxide  (sodium  ferrite),  mixed 
with  an  excess  of  ferric  oxide.  By  heating  with  water  it  is  de- 
composed, and  a  concentrated,  perfectly  pure,  solution  of  caustic 
soda  is  obtained;  the  ferric  oxide  originally  combined  with  the 
soda  is  separated  in  such  finely  divided  form  that  it  can  be 
extracted  from  the  excess  of  crude  iron  ore  and  employed  as 
Venetian  red  or  the  like. 

The  same  process  is  also  employed  in  the  manufacture  of  white 
lead  according  to  the  patent  of  Lunge  and  C.  H.  Maxwell  Lyte 
(No.  13656,  1893),  and  caustic  soda  is  thus  obtained  as  a  by- 
product. 

The  connection  of  these  processes  with  the  manufacture  of 
-chlorine  by  the  electrolysis  of  lead  chloride  will  be  described  in 
Chapter  XXVII. 

From  Soda-felspar. 

This  has  been  attempted  several  times.  For  instance,  as 
No.  2983,  1856,  Newton  patented  (as  a  communication)  the 
heating  of  felspar  with  lime  and  calcium  phosphate,  whereby 
•caustic  alkalies  were  to  be  formed. 

The  only  proposals  in  this  direction  offering  any  prospect  of 
success  are  those  made  by  Ward  and  Wynants  (patents  No.  3185, 
1857,  and  No.  1375,  1864;  comp.  also  Hofmann's  'Report  by  the 
Juries,'  p.  51).  Felspar,  ground  as  finely  as  Portland  cement,  is 
mixed  with  a   quantity  of  flour-spar  equivalent  to  the  alkali 
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contained  in  it^  or  with  cryolite,  also  with  chalk  and  calciun» 
hydrate ;  and  the  whole  is  exposed  to  the  heat  of  a  cement-kiln^ 
The  mass  frits,  but,  owing  to  the  lime,  remains  porous  and  easy  to 
lixiviate  with  water :  the  alkali  of  the  felspar  (potash  or  soda)  dis* 
solves  as  caustic;  and  the  residue  may  be  utilized  as  cement. 
Hofmann  (/.  c.)  reports  the  splendid  success  of  this  process  in 
recovering  the  whole  of  the  potash  contained  in  the  felspar;  Dulla 
(Wagner's  Jahresb.  1865,  p.  291)  contests  both  the  possibility  of 
this  and  of  employing  the  residue  as  a  cement.  In  any  case  th& 
cost  of  the  process  of  Ward  and  Wynants  renders  it  quite  in^ 
applicable  to  soda-felspar,  even  if  it  could  be  applied  to  potash^ 
felspar,  which  is  not  to  be  thought  of  at  present. 


THIRD    BOOK. 

THE   CHLOKINE   INDUSTKT. 


CHAPTER  XV. 

GENERAL. 

Ths  bleaching-  and  the  soda-industry  are  intimately  connected ; 
for  by  far  the  largest  portion  of  the  hydrochloric  acid  arising  as  a 
by-product  in  alkali-making  is  worked  up  for  bleaching-compounds. 
The  present  low  price  of  soda-ash  is  only  possible  by  the  profit 
made  in  manufacturing  bleaching-powder.  It  is  a  remarkable 
4!oincidence  that  the  discovery  of  chlorine  and  of  chloride  of 
lime  happened  about  the  same  time  as  the  invention  of  artificial 
:soda  and  the  working-out  of  Leblanc's  process,  so  that  from 
the  first  both  industries  could  work  together.  The  gas  given  off 
^y  aqua  regia>  which  contains  chlorine,  was  already  known  to 
Van  Helmont;  Glauber  also  (1648)  and  Boyle  (1661)  seem  to 
have  had  it  under  their  hands;  but  the  undisputed  discoverer, 
properly  so  called,  of  chlorine  itself  was  Scheele,  who  described  it 
in  his  treatise  on  manganese,  in  1774,  mentioning  at  the  same 
time  its  bleaching  action  on  vegetable  colours.  He  did  not  take 
it  for  an  element,  but  for  '^  dephlogisticated  muriatic  acid.''  The 
hydrate  of  chlorine  was  discovered  in  1785  by  Pelletier,  and  in 
1786  by  Karsten,  both  of  whom  took  it  for  solid  chlorine,  till 
Davy  showed,  in  1810,  that  it  contains  water.  Faraday,  in  1828^ 
analyzed  it  quantitatively,  and  on  that  occasion  obtained  chlorine 
<*ondensed  to  a  liquid. 

The  industrial  employment  of  the  bleaching-properties  of  chlo- 
rine, discovered  by  Scheele,  was  first  suggested  by  BerthoUet  in 
1785.  He  at  first  used  chlorine-water ;  but  from  1789  the  chlo- 
rine was  passed  into  potash  liquor  at  the  Javel  works  near  Paris, 
nfrhenee  chloride  of  potash  is  still  called  "  eau  de  Javel.'^    Here 
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the  celebrated  James  Watt  saw  the  new  bleaching-process,  and  in- 
1786  introduced  it  into  the  works  of  his  relative  MacGregor  at- 
Glasgow.  It  would  appear  that  already  in  July  1787  Milnes  and 
Gordon,  Barrow,  and  Co.,  at  Aberdeen,  had  employed  chlorine  for 
bleaching  on  a  large  scale,  in  consequence  of  the  observations 
made  by  Professor  Copeland  and  the  Duke  of  Gordon  in  Prance 
(Mactear,  Report  &c,  p.  16;  Kingzett,  'Alkali  Trade,^  p.  180). 
According  to  Key  worth  (Chem.  News,  xxxiii.  p.  131),  Robert 
Hall,  of  Basford  Hall,  near  Nottingham,  was  the  first  to  apply 
chlorine  on  a  manufacturing-scale  to  the  bleaching  of  fabrics;  but 
as  no  date  is  given,  this  statement  is  of  little  account.  On  March 
25th,  1789  (No.  1678),  de  Boneuil  patented  for  England,  the- 
manufacture  of  chlorine- water  and  its  application  for  bleaching ; 
the  same  was  again  done  by  C.  and  G.  Taylor  (No.  1872,  1792), 
by  CampbeU  (No.  1922,  1792),  by  Bigg  (No.  2040,  1795;  appli- 
cation to  paper-stuff),  by  Lord  Dundonald  on  the  same  day 
(No.  2043),  and  by  Carpenter  on  Nov.  19,  1795.  But  the  most 
important  step  was  taken  by  Charles  Tennant,  in  his  patent  of 
Jan.  23rd,  1798  (No.  2209) .  In  this  he  describes  the  employment 
of  lime,  strontia,  or  baryta,  instead  of  alkalies,  for  *^  neutralizing 
the  oxy-muriatic  acid,^'  but  only  suspended  in  water ;  so  that  he 
obtained  the  compound  at  present  known  as  '^  bleach-liquor.'^ 
Tennant  at  that  time  carried  on  a  bleach- works  at  Darnley ;  and 
he  soon  commenced  manufacturing  bleach-liquor  in  partnership 
with  Macintosh.  This  was  already  a  vast  improvement,  since  the 
then  enormously  dear  alkalies  were  replaced  by  milk  of  lime ;  but 
the  still  greater  advance,  the  employment  of  dry  calcium  hydrate 
instead  of  milk  of  lime,  and  consequently  the  preparation  of  a 
more  stable  and  more  portable  form  of  bleaching-compound,  was 
made  in  the  following  year,  after  Tennant's  patent  had  been 
invalidated  owing  to  anticipation  (probably  by  Lancashire 
bleachers).  He  now  took  out  a  fresh  patent  (on  April  30, 1799, 
No.  2312),  for  absorbing  chlorine  by  dry  hydrate  of  lime  (baryta, 
or  strontia),  and  in  the  same  year  started  the  St.-Rollox  work& 
near  Glasgow,  which  for  many  years  have  been  the  largest 
bleaching-powder  works.  From  the  tables  given  by  Mactear  {op. 
cit.  p.  18)  it  appears  that  52  tons,  at  a  price  of  £140  per  ton,  were 
manufactured  in  1799-1800;  in  1805  only  147  tons  at  £112;  in 
1820,  333  tons  at  £60 ;  in  1825  (muriatic  acid  being  already 
employed),  910  tons  at  £27;  in  1870,  9251  tons  at  £8  10«. 
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Properties  of  Chlorine. 

We  have  already  seen  that  chlorine  was  discoyered  by  Seheele 
in  1774.  He  called  it  dephlogisticated  muriatic  acid^  to  which 
name  BerthoUet's  designation  of  oxymuriatic  acid  corresponds. 
The  radical  of  muriatic  acid  was  itself  believed  to  be  a  compound 
body^  being  supposed  to  contain  oxygen.  Many  chemists  adopted 
this  view ;  but  it  was  shaken  when  Oay-Lussac  and  Thenard  in 
1806  could  not  isolate  any  oxygen  from  chlorine.  Still  BerthoU 
lefs  view  of  the  compound  nature  of  chlorine  was  adhered  to^  till 
Davy  in  1810  adduced  new  arguments  for  its  elementary  nature^ 
and  gave  it  the  name  ''chlorine^'  (from  j^Mpo^,  green).  Davy 
himself  pointed  out  that  his  view  was  not  essentially  diiferent  from 
that  of  Seheele.  Most  chemists  adopted  Davy^s  explanation  at 
once;  but  some  opposed  it^  especially  Murray  (1811)  and  Berzelius 
(1812-15);  and  it  was  only  in  1821  that  the  latter^  and  the  rest 
with  him,  finally  came  over  to  Davy's  view. 

The  colour-destroying  compounds  which  chlorine  forms  with 
aqueous  solutions  of  the  alkalies  were  first  recognized  by  Berthollet; 
they  were  especially  examined  by  Balard  (1831),  who  also  dis- 
covered free  hypochlorous  acid.  Berthollet  also  prepared  some 
chlorates;  Gay-Lussac,  in  1814,  free  chloric  acid. 

Chlorine  is  a  greenish-yellow  gas,  and  is  darker  in  proportion  as 
it  is  hotter.  Its  specific  gravity,  calculated  from  Stasis  atomic 
weight,  is  2*45012;  it  was  observed  by  Buusen  to  be  =2*4482. 
Landolt  and  Bomstein  state  it,  calculated  for  sea-level  in  the 
latitude  of  Berlin,  =2*4492. 

In  the  anhydrous  state  chlorine  has  not  yet  been  solidified  under 
ordinary  pressure  at —40^  C. ;  but  under  a  pressure  of  4  atmospheres 
already  at  + 15°  C.  it  forms  a  clear  yellow  liquid  of  spec.  grav.  1*33, 
which  does  not  freeze  at  —90®  C,  and  boils  at  — 33°*6  under  a  pres- 
sure of  760  millims.  Chlorine  gas  is  not  combustible,  but  supports 
the  combustion  of  many  organic  compounds  with  a  strongly 
fuliginous  flame.  It  does  not  act  upon  dry  litmus-paper  when 
perfectly  dry  itself,  but  in  the  moist  state  destroys  its  colour,  as 
well  as  most  other  vegetable  dyes.  It  also  destroys  oi^anic  smells 
and  infectious  matters,  and  is  consequently  of  great  value  as  a 
disinfectant.  Its  smell  is  extremely  saffocating;  it  causes,  when 
inhaled  in  very  slight  quantity,  cold  in  the  head,  general  irri- 
tation of  the  epithelium,  coughs,  suffocating  sensations,  vomiting, 
and,   if  more  frequently   breathed,   spitting  of  blood.     As  an 
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antidote^  the  inhalation  of  sulphuretted  hydrogen,  alcohol  or  ether 
vapour,  or  aniline  vapour  is  recommended ;  the  workmen  employ 
mm  as  an  internal  remedy.  According  to  Lehmann,  an  admixture' 
of  2  to  4  milliontbs  chlorine  with  air  is  borne  without  injury;  those 
accustomed  to  it  may  tolerate  1  vol.  in  10,000  of  air.  Weigelt 
(Chem.  Zg.  1880,  p.  39)  found  that  0*005  grm.  free  chlorine  per 
litre  would  kill  trout  in  a  few  minutes,  0*002  grm.  after  a  longer 
interval. 

Chlorine  occurs  uni-,  tri-,  quinqui-,  and  septivalent,  viz.  univa- 
lent in  all  chlorides  and  organic  compounds,  tri-  to  septivalent  in 
its  oxides.  Its  atomic  weight  has  been  frequently  determined — 
roost  accurately  by  Stas,  whose  result  (oxygen=16)  is  35*457  or 
(hydrogenss  1,  oxygen= 15'96)  =35-368.  For  calculations  35*5  is 
usually  assumed.  A  litre  of  it  at  0^  C.  and  760  millims.  weighs 
3' 1691  grams.  Its  chemical  affinities  in  most  cases  are  much  more 
energetic  than  those  of  oxygen.  Equal  volumes  of  chlorine  and 
hydrogen  mixed  together  are  caused  to  combine  not  only  by  the 
electric  spark  or  a  red-hot  body,  but  even  by  the  sunlight,  with  a 
violent  explosion. 

At  a  little  above  0^  C.  chlorine  combines  with  water  and  forms 
a  solid  mass.  From  saturated  chlorine- water  in  the  cold  there 
crystallizes  chlorine  hydrate,  CI  +  5H2O,  or  Clj  +  lOHjO,  with 
28*29  per  cent,  chlorine.  Gopner  (Deutsch.  chem.  Ges.  Ber. 
viii.  p.  287)  assigns  to  it  the  formula  HOCl,HCl,9HsO,  t.  e.  a 
common  hydrate  of  hydrochlorous  acid  and  hydrochloric  acid. 
Schiff  {ib.  p.  419),  to  whom  Gopner  referred,  declines  this  view, 
since  such  a  concentrated  solution  of  hypochlorous  acid  is  quickly 
decomposed  at  20P  C,  and  it  is  not  conceivable  that  the  presence 
of  a  molecule  of  HCl  should  convert  it  at  10^  C.  into  such  a  stable 
compound  as  chlorine  hydrate.  This  forms  an  arborescent,  crys- 
talline, pale  yellow,  transparent  mass  of  specific  gravity  about  1'2; 
Faraday  observed  it  in  needles  and  rhombic  octahedra,  Biewend  in 
tesseral  crystals.  At  ^50^  C.  it  is  almost  white.  At  the  ordinary 
temperature  and  pressure  it  dissociates  into  chlorine  gas  and 
chlorine- water;  in  sealed  tubes  it  remains  unchanged  even  in  the 
heat  of  summer;  but  at  +  38^  it  splits  up  into  chlorine-water  and 
liquid  chlorine.  (The  dissociation  of  chlorine  hydrate  has  been 
fully  investigated  by  Isambert,  Compt.  Rend.  Ixxxvi.  p.  481.) 
This  hydrate  is  frequently  formed  in  winter  in  the  pipes  conveying 
the  gas  in  bleaching-powder  works  when  exposed  to  the  cold,  and 
sometimes  stops  up  the  pipes  completely. 
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Water  absorbes  cUorine  gas  most  amply  at  10°  C. ;  from  9°  to 
4]P  its  solubility  decreases^  because  it  is  then  in  the  state  of  hydrate. 
At  OP  C*  one  part  of  water  dissolves  1*43  (Gay-Lussac)  or  1'80 
(Pelouze)  part  of  chlorine.  At  100°  its  solubility  i8=0.  Satu- 
rated chlorine- water  at  6°  has  the  specific  gravity  I'OOS;  it  is 
greenish  yellow^  smells  of  chlorine^  and  has  an  astringent  but  not 
acid  taste.  It  freezes  at  (f^  and  splits  up  into  chlorine  hydrate 
iind  ice  free  from  chlorine. 

According  to  Schonf eld  (Ann.  Chem.  Pharm.  xciii.  p.  26^  cxv.  p.  8) , 

the  coefficient  of  absorption  of  chlorine  gas  from  11°  to  41°'5  C.  is 

=3-0361 -0-046196/ +  0-0001 107/".     According  to  him  1  vol.  of 

water  absorbs  the  following  volumes  of  chlorine  (calculated  at  0°  C. 

sud  760  millims.) : — 

Vols,  of  Vols,  of  Vols,  of 

At         chlorine.  At  Ghlorine.  At  ohlorine. 

10°C..,  2-5852  21°C...  21148  31^0...  1-7104 

11 2-5431  22 2-0734      32 16712 

12 2-4977  23 2-0322      33 1-6322 

13 2-4543  24 19912      34 15934 

14 2-4111  25 1-9504      35 1-5550 

15 2-3681  26 1'9099      36 1-5166 

16 2-3253  27 1-8695      37 1-4785 

17 2-2828  28 18295      38 14406 

18 2-2405  29 1-7895      39 1-4029 

19 21984  30 1-7499      40 1-3655 

20 2-1565 

Solutions  of  chlorides^  as  NaCl  &c.^  absorb  less  chlorine  than 
pure  water.  Chlorine  mixed  with  H  or  COj  is  absorbed  by  water 
more  largely  between  13°  and  38®  than  corresponds  to  its  partial 
pressure  (Roscoe).  Chlorine-water  decomposes  gradually^  espe- 
•cially  in  the  lights  into  hydrochloric  acid  and  oxygen  gas. 

Pedler  experimented  in  Calcutta  ( Journ.  Soc.  Chem.  Ind.  1890, 
p.  65)  on  the  influence  of  tropical  sunlight  on  the  action  of 
chlorine  upon^  water,  in  sealed  tubes.  If  1  mol.  chlorine  (Cy 
was  present  to  64  mols.  H2O,  no  action  took  place  even  after  a 
month's  insolation ;  withl :  88  the  reaction  was  quite  pronounced, 
with  1 :  150  about  50  per  cent,  of  the  chlorine  was  exchanged  for 
oxygen,  with  1  CI,  to  400  HjO  80  per  cent.  Saturated  chlorine- 
water  (containing  in  Calcutta  1  mol,  Clj  to  708  mols.  HaO)  is 
jdmost    completely  decomposed   by  sunlight    according  to    the 
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equation:  2HsO  +  2Cl2=02+4HClj  here  chloric  acid  is  formed 
to  a  veiy  slight  extent.  In  diffused  daylight^  however^  along  with 
oxygen  hypochlorous  and  chloric  acid  are  largely  formed. 

Since  liquefied  pure  chlorine  has  become  a  commercial  article^ 
the  properties  of  liquid  chlorine  have  acquired  greater  interest.. 
According  to  Knietsch  (Lieb.  Ann.  cclix.  p.  100)  liquid  chlorine  iu 
thick  layers  is  yellow  with  an  orange  tint.  He  examined  the 
vapour-tensions  from  —102°  up  to  the  critical  point  (  +  146^),  as- 
well  as  the  specific  gravities  and  coefficients  of  expansion  at  various- 
temperatures,  which  he  indicates  in  the  following  table: — 


Temperature. 

Pressure. 

Spec, 
gravity. 

Ayerage  coeflident 
of  ezpausion. 

-102° 

solid. 

-  88 

37-6  mill.  Hg. 

— 1 

-  85 

450 

ff 

-.  80 

62-5 

tf 

1-6602^ 

-  76 

880 

It 

1-6490 

-  70 

118 

tt 

1-6382 

-  65 

159 

ft 

1-6273 

-  60 

210 

tt 

1-6167 

-  66 

275 

ft 

1-6055 

0001409 

-  60 

350 

11 

1-69^15 

-  45 

445 

tf 

1-5830 

-  40 

660 

t> 

1-5720 

-  35 

705 

>> 

1-5589 

-  33-6 

760 

tf 

1-5575 

-  30 

1-20  atm. 

1-5485^ 

-  25 

1-50 

»» 

1-5358 

-  20 

1-84 

ft 

1-5230 

-  15 

2-23 

»» 

1-5100 

0<X)1793 

-  10 
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It 

1-4965 

-     6 

314 

tt 

l-4»30 

(y> 

3-66 

tt 

1-4690 

+    6 
10 

4-25 
495 

ft 

ff 

1-4548  ' 
1-4405 

0'00197ft 

15 
20 

5-75 
602 

It 
ti 

1-4273  ' 

1-4118  J 

0-002030 

25 
30 

7-63 
8-75 

ff 

tt 

1-3984  '' 
1  3815  I 

0-002190 

35 
40 

9-95 
11-50 

tt 

ft 

1  3683  ' 
1-3510  J 

0-002280 

50 
60 

14-70 
1860 

tt 

1-3170  ' 
1-2830 

0002690 

70 
80 

2300 
28-40 

ti 
tt 

1-2430  ' 
1-2000 

0-003460 

90 

34-5 

ft 

100 

41-7 

ti 

110 

50-8 

If 

• 

120 

60-4 

ft 

130 

71-6 

ft 

146 

93-5 

t» 
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CHAPTER  XVI. 

THE  MANUFACTURE  OF  CHLORINE  BY  MEANS  OF 

MANGANESE  ORE. 

Chlorine  is  very  widely  diffused  in  nature^  mostly  in  com* 
bination  with  sodium;  most  of  it  is  up  to  this  day  made  from 
sodium  chloride.  Potassium  chloride  is  technically  equivalent 
to  this^  inasmuch  as  large  quantities  of  KCl  are  transformed 
into  potassium  sulphate  for  the  sake  of  manufacturing  potassium 
carbonates  (artificial  potashes)^  in  which  case  the  hydrogen 
chloride  set  free  in  the  operation  is  treated  exactly  as  in  the 
case  of  common  salt^  and,  if  not  sold  as  such,  can  be  converted 
into  chlorine.  Other  sources  of  chlorine  are  the  chlorides  of  the 
alkaline  earths,  among  which,  above  all  others,  magnesium  chloride 
is  important,  not  merely  because  in  occurs  in  very  large  quantities 
as  a  by-product  in  the  manufacture  of  potassium  chloride,  but  also 
because  free  chlorine  is  much  more  easily  split  off  from  it  than 
from  the  alkaline  chlorides.  This  has  produced  great  expectations 
for  many  years  past,  and  has  called  forth  very  numerous  experi- 
ments, but  hitherto  without  any  considerable  success,  as  we  shall 
see  later  on. 

Practically,  apart  from  electrolysis  (which  will  be  treated  in  a 
separate  section  of  this  volume),  chlorine  is  almost  exclusively 
manufactured  by  means  of  hydrochloric  acid,  either  by  treating 
this  immediately  in  the  form  of  a  gas,  as  it  is  formed  in  the 
reaction  of  sulphuric  acid  on  sodium  chloride  (Deacon's  process, 
&c.),  or  first  condensing  it  by  water  and  then  treating  the  liquid 
hydrochloric  (muriatic)  acid.  In  all  cases  the  hydrogen  of  the 
HCl  must  be  removed  by  an  oxidizing  agent.  Formerly,  apart 
firom  mere  experiments  with  other  oxidizing  substances,  the  agent 
exclusively  employed  for  this  purpose  was  manganese  dioxide, 
either  in  the  shape  of  native  manganese  ore  or  in  that  of  ^'recovered 
manganese ''    (Weldon    mud).      Then    came  the  oxidation    by 


:268  THE  CHLOAINE  INDUSTRY. 

Atmospheric  oxygen  with  the  assistance  of  catalytic  substances 
(Deacon's  process)^  which  was  succeeded  by  other  processes  working 
with  atmospheric  oxygen.  Of  other  oxidizing  agents  we  will  in 
this  place  only  mention  nitric  acid. 

In  this  Chapter  we  describe  the  formerly  exclusively  employed 
method  of  manufacturing  chlorine  from  manganese  ore  and 
hydrochloric  acid^  which  up  to  this  day  is  used  wherever  com- 
paratively small  quantities  of  chlorine  must  be  prepared  for  direct 
consumption.  For  the  storing  of  chlorine  in  a  solid  form  for 
Bubsequent  use^  as  bleaching-powder  or  chlorates^  this  old  process 
^an  no  longer  cofhpete ;  but  in  the  Weldon  process  the  loss  of 
•manganese  must  be  still  made  up  by  employing  some  manganese 
ore  in  the  old  way. 

The  Manganese  Ores. 

Technical  ^'manganese  ore"  or  "manganese*'  is  mostly  a 
mixture  of  the  following  minerals : — 

Pyroltisite,  MnOj,  containing  18'2  per  cent,  active  oxygen. 

PolianUe  is  also  MnOj^  but  much  harder  and  crystallizing  in  a 
•different  way. 

BrauniiCy  MujOs,  with  10  per  cent,  active  oxygen,  usually  con- 
sidered to  be  a  salt  of  the  formula  MTiO^MnO^. 

Brown  manganese  ore,  manganite,  MnjOsjHjO. 

Varvicite  and  newkirkite  are  varieties  oi  manganite. 

Hausmannite,  Mn804=2MnO,Mn02,  with  only  6*95  per  cent. 
Active  oxygen. 

Psilomelan,  of  complicated  composition. 

Wad  is  a  product  of  the  decomposition  of  other  manganese  ores. 

A  mineralogical  description  and  many  analyses  of  these  ores  are 
found  in  our  first  edition.  Vol.  III.  pp.  114  to  119;  these  are  not 
repeated  here,  as  natural  manganese  ore  has  lost  much  of  its  im- 
portance for  the  chlorine  industry  since  that  time.  More  modem 
analyses  of  Russian  ores  are  found  in  Dingl.  Joum.  ccxlviii.  p.  471; 
of  Transcaucasian  ores  in  Joum.  Soc.  Chem.  Ind.  1889,  p.  226; 
of  Chilian  ores  (by  J.  and  H.  S.  Pattinson)  in  the  same  journal 
1889,  p.  676 ;  of  the  European  ores  (by  Gorgeu)  in  Bull.  Soc. 
€him.  1890,  [3]  iii.  p.  248,  and  1893,  [3]  ix.  p.  497. 

Most  of  the  manganese  ores  do  not  now  serve  for  the  manu- 
facture of  chlorine,  but  for  that  of  iron  and  steel,  for  which  purpose 
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their  value  does  not  depend  upon  their  percentage  of  active  oxygen^ 
hut  upon  that  of  manganese  metal. 

The  more  important  occurrences  of  manganese  ore  were  up  to  the 
middle  of  this  century  the  German  ones^  at  Ilmenau  and  Elgers- 
burg  in  Thuringia^  Ihlefeld  in  the  Harz^  Giessen^  Nassau^  Siegen. 
This  ore,  as  it  reached  the  chemical  works,  only  averaged  60  per 
cent.  MnOs ;  since  1860  it  was  more  and  more  put  into  the  back- 
ground by  the  richer  Spanish  ore,  from  the  district  of  Huelva. 
A  little  manganese  ore  is   also  mined   in  Devonshire  and  at 

Romaneche   in   France.      In   1868,   about  the   time  when   the 

••••••  ...» 

Weldon  process  was  introduced,  the  consumption  of  manganese  ore 
for  the  chlorine  manufacture  in  England  amounted  to  54,000  tons. 
In  consequence  of  the  introduction  of  the  Weldon  and  Deacon 
processes  the  consumption  for  chlorine-making  decreased  enor- 
mously, and  in  1888  it  amounted  to  only  7000  tons  (Pattinson, 
Joum.  Soc.  Chem.  Ind.  1889,  p.  677) .  Since  1880  a  large  quantity 
of  manganese  ore  has  found  its  way  into  commerce,  intended  and 
fit  only  for  the  iron  manufacture;  the  statistical  figures  do  not 
distinguish  between  this  ore  and  that  which  serves  for  the  chlorine 
manufacture.  New  localities  have  been  discovered  from  which 
very  large  quantities  of  manganese  ore  are  exported,  principally 
Caucasia  and  Chile,  also  New  Zealand,  Greece,  North  America,. 
Canada,  Australia.  A  bed  has  recently  been  discovered  at 
Gosalpur,  in  India. 

In  Chile  the  principal  mines  (described  in  Chem.  Zeit.  1887^ 
p.  1620)  are  found  in  the  provinces  of  Atacama  and  Coquimbo. 
In  Bussia  the  principal  mines  in  the  Caucasus  are  near  the  village 
of  Chiatur,  district  of  Sharopan,  province  of  Kutais  (detailed 
description  in  Zsch.  f.  angew.  Ch.  1890,  p.  302).  In  Trans- 
caucasia the  mining  commenced  in  1879  with  an  output  of  871 
tons,  and  in  1890  it  had  already  risen  to  182,468  tons,  by  far 
the  largest  in  the  world. 

The  statistics  of  manganese  ore  have  no  great  value  for  the 
chlorine  industry,  as  they  do  not  distinguish  between  that  which 
serves  for  the  manufacture  of  iron  and  that  which  is  fit  for  chlorine, 
as  just  mentioned.  Thus,  e.g.,  the  United  States,  where  hardly  any 
chlorine  products  are  manufactured,  in  1893  consumed  more  than 
60,000  tons  of  manganese  ore,  6000  tons  of  which  was  mined  in 
the  country,  the  remainder  being  imported  from  Russia,  Chile,  and. 
Cuba.    The  output  in  the  different  countries  varies  enormously^ 
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regarding  which  I  must  refer  the  reader  to  RothwelPs  'Mineral 
Industry/  vol.  ii.  p.  470  (New  York,  1894).  Here  I  will  only 
quote  the  figures  relating  to  the  production  of  all  kinds  of 
manganese  ore  in  1892 : — 

Metrical  toDs.  Metrical  tons. 

Austria    4558  Hungary 1304 

Belgium 16775  Italy     1243 

Bosnia 7944  Japan  (1891)  ...  3249 

Canada    105  New  Zealand  .. .  529 

Chile    50000  Portugal 3399 

Cuba    18000  Russia 113081 

France 15000  Australia 861 

Germany 32891  Spain  9002 

England 6175  Sweden    7832 

Greece 11716  United  States . . .  19425 

The  British  production  (chiefly  in  Devonshire)  was  : — 

Year.  Tons.  Year.  Tons. 

1888  4342       1891  9632 

1889  8852       1892  6175 

1890  12444 

The  German  production  was : — 

Year.  Tons.  Year;  Tons. 

1888  28710       1891  40325 

1889  45167       1892  32891 

1890  41841 

Chemists  are  now  agreed  in  attributing  to  manganese  dioxide 
the  quality  of  an  acid  ;  they  regard  hausmannite  as  2MnO^MnOs9 
and  braunite  as  MnO^Mn02.  Christensen  (Joum.  Soc.  Chem. 
Ind.  1883^  p.  346)  endeavoured  to  show  that  the  constitution 
of  braunite  is  the  same  as  that  of  hematite^  Fefi^.  Spring  and 
Lucion  (Bull.  Soc.  Chim.  1890  [3]  iii.  p.  4),  however,  return  to 
the  formula  MnO,Mn2 ;  but  that  of  the  dioxide  they  do  not  write 
MnOj,  but  Mn304,  or  even  5(Mn02)=3MnO,Mn207. 

A  large  number  of  important  papers  on  the  oxides  of  manganese 
have  been  published  by  Gorgen  since  1879.  Here  we  shall  only 
briefly  refer  to  the  most  recent  of  these.  He  prepared  artificial 
manganese  dioxide  (Bull.  Soc.  Chim.  1888,  xlix.  p.  757)  by  heating 
natural  manganite^  from  Ihlefeld,  Mn^Os^NsO,  during  six  hours 
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1)etween  275°  and  310°.  The  active  oxygen  rose  from  lO'lO  to 
18-10  per  cent,  (theory  for  MnOg:  18*40).  The  heating  must 
take  place  at  a  temperature  at  which  the  "water  of  hydration  is 
only  slowly  expelled.  He  did  not  meet  with  the  same  result  in 
the  case  of  the  other  nativex)res,  jior  in  that  of  artificial  manganese 
carbonate.  He  considers  polianite  to  be  a  direct  natural  product, 
but  pyrolusite  to  be  a  product  of  the  modification  of  other  ores. 
He  further  describes  the  preparation  of  Mn02  in  the  wet  way 
by  various  methods  (Bull.  Soc.  Chim.  1890,  [3]  iv.  p.  16).  He 
shows  that  this  oxide  ('^manganous  acid'')  exists  both  as  an 
anhydride,  in  the  state  of  polianite  and  pyrolusite,  and  in  that  of 
n  hydrate,  and  that  it  exhibits  indubitably  acid  properties,  not 
merely  towards  free  bases,  but  also  in  displacing  carbonic  acid, 
acetic  acid,  and  even  sulphuric  acid  from  their  salts. 

Another  recent  paper  on  the  basicity  of  MnOj  is  that  by  Rousseau 
{Compt.  Bend.  cxvi.  p.  1060).  Its  normal  salts  are  bivalent,  e.g. 
BaO,  MnOs ;  but  under  certain  conditions  MnO^  acquires  greater 
saturating  capacity,  so  that  it  is  possible  to  produce  a  compound 

2CaO,  MnOg. 

The  commercial  value  of  manganese  ore  for  producing  chlorine 
of  coarse  depends  first  of  all  upon  the  oxygen  present  over  and 
above  that  necessary  to  form  MnO,  because  it  is  this  only  that 
evolves  chlorine  from  hydrochloric  acid.  As  a  rule  this  is  not 
expressed  in  parts  per  cent,  of  oxygen,  but  of  manganese  dioxide ; 
e.  g.  pure  manganese  sesquioxide  is  calculated  as  if  it  were  MnO  + 
MnO},  red  manganese  oxide  as  2MnO+MnOs,  &c.  When  it  is 
stated  that  an  ore  contains  60  or  70  per  cent.  MnOg,  this  only 
means  that  100  parts  of  it  liberate  as  much  chlorine  as  60  or  70 
per  cent,  pure  MnOj  would  do.  But  the  presence  of  MnO  is 
not  indifferent^  since  it  consumes  acid  as  well,  and  too  large  a 
percentage  of  it  may  make  an  ore,  otherwise  pure,  worthless  on 
account  of  consuming  too  much  hydrochloric  acid.  Of  the 
remaining  constituents  of  ordinary  manganese  ores,  some  are  com* 
paratively  harmless,  but  others,  such  as  ferric  oxide,  are  injurious 
because  they  consume  HCl,  and  FeO  because  it  absorbs  oxygen. 
Even  the  insoluble  matters,  like  barium  sulphate  and  silica,  are 
frequently  very  injurious,  because  they  mechanically  obstruct  the 
action  of  HCl ;  often  in  the  chlorine-stills  lumps  of  substances 
are  found  covered  with  silica,  but  consisting  inside  of  unchanged 
manganese  ore.     More  injurious  than  anything  else  are  the  car- 
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bonates  of  calcium  &c.^  as  they  not  only  consume  acid  but  give 
off  COs)  which  exerts  an  extremely  harmful  influence  in  the 
manufacture  of  bleaching-powder.  In  England  ores  containing 
upwards  of  1  per  cent.  COj  are  not  considered  marketable. 
Such  ores  can  be  almost  completely  deprived  of  the  carbonates  by 
crushing  and  treating  with  dilute  acids  or  acid  still-liquor ;  but 
this  is  always  an  expensive  process. 

The  physical  state  of  manganese  ore  is  also  of  importance  for 
its  value.  Generally  the  soft  descriptions  are  much  superior  ta 
the  hard  ones^  because  they  are  more  easily  dissolved  in  the  acid 
and  require  a  smaller  excess  of  it  than  the  latter;  there  exist 
some  ores  of  high  strength  but  such  hardness  that  they  can  only 
be  dissolved  by  a  great  excess  of  acid  and  steam^  and  consequently 
have  only  a  small  value.  All  these  things  must  be  considered 
when  buying  manganese. 

The  consumption  of  hydrochloric  acid  is  not  usually  estimated 
directly^  but  is  felt  in  the  following  custom  of  the  trade.  The 
normal  percentage  for  German  manganese  is  60  per  cent.  MnO^  in 
the  dry  state ;  each  1  per  cent,  above  or  below  that  strength  is  paid 
for  at  a  certain  rate^  usually  28.  per  ton;  nothing  below  57  per 
cent.  MnOa  is  accepted.  For  Spanish  and  similar  ores  the 
normal  strength  is  70  per  cent.^  with  a  bonus  of  2s.  6d.  per 
cent,  up  or  down^  65  per  cent,  being  the  minimum  allowed. 
The  price  of  70-per-cent.  manganese  is  much  higher  than  if  it 
were  calculated  on  the  basis  of  60  per  cent.  The  minimum  of 
carbonic  acid  allowable  is  usually  stated  at  1  per  cent.^  sometimes 
at  ^  per  cent. 

The  Valuation  of  Manganese  Ore, 

Manganese  ores  are  always  tested  for  moisture^  for  active 
oxygen  (expressed  as  MnOa)^  and  for  carbonic  acid.  Sometimes 
also  the  quantity  of  hydrochloric  acid  required  for  decomposing 
it  is  estimated. 

1.  Moisture. — ^There  is  no  perfect  agreement  in  this  case. 
Fresenius  pointed  out  that  manganese  loses  its  hygroscopic  mois-* 
ture  at  100°  C.  very  slowly  and  not  quite  completely^  but  at  120°  C. 
completely ;  if  that  temperature  is  exceeded^  the  chemically  com- 
bined water  also  begins  to  be  expelled.  Fresenius  constructed  a 
peculiar  drying-apparatus  for  manganese,  consisting  of  a  thick 
cast-iron  dish  with  a  number  of  holes  in  which  small  numbered 
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1)r&s8  pans^  containing  the  samples^  are  placed.  In  England  the 
•drying  is  always  done  at  100^  C.^  which  is  against  the  seller^  since 
the  higher  percentage  of  completely  dry  manganese  ore  makes  it 
much  more  valuable  than  in  the  simple  ratio  of  the  moisture  lost. 
But  then  the  extremely  finely  ground  sample  ought  to  be  kept  in 
41  very  thin  layer  at  100^  C.  for  at  least  six  hours,  and  it  must  be 
weighed  after  cooling  in  a  desiccator. 

2.  Active  Oxygen  (Manganese  Dioxide). — ^The  results  of  testing 

for  active  oxygen — that  is^  that  which  is  in  excess  of  MnO  and 

which  therefore  yields  chlorine  with  HCl — are  always  expressed  in 

•percent.  MnOs*     I  part  of  active  oxygen  =  5*438  parts  MnOj. 

"There  are  a  great  many  methods  for  estimating  this. 

One  of  the  oldest  is  that  of  6ay-Lussac : — boiling  the  ore  with 
concentrated  sulphuric  acid,  by  which  the  active  oxygen  is  evolved 
in  the  free  state ;  it  is  measured  as  such  after  the  COj  has  been 
absorbed.  This  plan  is  hardly  ever  tried  now.  The  most  widely 
used  method  was  formerly  the  oxalic-acid  method,  originally  pro- 
posed by  Berthier  and  Thompson,  but  first  worked  out  in  a  proper 
form  by  Fresenius  and  Will.     The  reaction  is : 

MnO,  +  H3SO4 + CjHsOi = MnS04 + 2HjO  +  200,. 

If  the  ore  is  gently  heated  with  sulphuric  and  oxalic  acid  and 
the  evolved  gas  is  deprived  of  its  moisture  before  escaping,  the 
loss  of  weight  is  a  measure  of  the  active  oxygen,  since  2  mols. 
COs  always  correspond  to  1  atom  of  O  or  1  mol.  MnO,.  Of 
•course  the  CO2  already  present  should  be  estimated  by  a  special 
•experiment,  or  it  must  be  allowed  to  escape  by  treating  the  sample 
with  sulphuric  acid  before  adding  the  oxalic  acid  and  weighing 
the  apparatus. 

This  method  can  be  carried  out  in  different  ways.  It  was 
mostly  performed  in  one  of  the  well-known  apparatus  for  esti- 
mating the  loss  of  weight,  by  weighing  before  and  after  the  re- 
action: this  apparatus  must  always  possess  an  arrangement  for 
drying  the  gas  by  means  of  stdphuric  acid  or  calcium  chloride. 
It  is  hardly  possible  to  perform  this  operation  quite  accurately^ 
as  the  apparatus  is  rather  heavy,  and  the  condensation  of  moisture 
•on  the  complicated  glass  surface  is  not  the  same  before  and  after 
the  heating,  even  when  keeping  it  both  times  in  the. balance-case. 
It  also  easily  happens  that  the  gas  is  not  completely  dried  before 
^escaping.    The  results,  for  this  reason  to  begin  with,  are  not  at 

VOL.  III.  T 
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all  uniform^  especially  in  the  hands  of  different  operators^  and  the 
method  referred  to  has  long  ceased  to  be  considered  the  normal  one. 
It  becomes  rather  more  accurate  if  the  CO3  is  not  estimated  by  I08& 
of  weighty  but  by  absorption  in  soda-lime  or  the  like ;  but  there 
are  sources  of  error  in  this  case  also.  One  of  these  is  that  the 
harder  descriptions  of  manganese^  in  spite  of  the  finest  grinding^ 
can  only  be  dissolved  with  the  help  of  prolonged  heating^  almost 
inevitably  causing  some  CO3  to  escape  unabsorbed.  It  has  also- 
been  reproached  with  not  entirely  oxidizing  the  magnetic  iron 
oxide  (Fe304)  which  frequently  occurs  in  manganese  ores ;  this, 
however,  is  completely  oxidized  to  FcjOg  when  the  ore  is  em- 
ployed for  the  production  of  chlorine.  For  this  reason,  in  1869 
the  English  union  of  alkali-manufacturers  altogether  rejected 
the  Fresenius-Will  process.  Pattinson  (Chem.  News,  xxi.  p.  267) 
proved  that  reproach  to  be  unfounded,  as  the  lower  oxides  of  iron 
in  this  process  are  always  oxidized  up  to  Fe^O^;  but  still  he 
prefers  the  iron  method,  on  account  of  its  greater  certainty  in 
operation,  especially  with  hard  ores.  In  order  to  lessen  the  errors- 
in  the  Fresenius-Will  process,  all  cork  joints  should  be  covered 
with  wax  or  paraffin,  and  the  apparatus  be  allowed  to  cool  conu 
pletely  and  remain  some  time  in  the  glass  case  of  the  balance 
before  weighing. 

Another  way  of  employing  the  same  reaction  is  to  treat  the  ore 
with  a  known  quantity  of  oxalic  acid  and  retitrate  the  unused 
portion  of  the  latter.  About  2  grams  of  very  finely  ground 
manganese  are  heated  with  50  cubic  centims.  of  normal  oxalic-^ 
acid  solution  and  5  or  6  cubic  centims.  of  strong  sulphuric  acid,, 
till  the  completeness  of  the  decomposition  is  indicated  by  the 
black  colour  of  the  sediment  vanishing  entirely;  then,  without- 
filtration,  after  dilution  with  water,  the  liquid  is  retitrated  with 
standard  permanganate  solution  at  60^  C,  till  a  pink  colour  appears  :• 
or  only  an  aliquot  portion  of  the  liquid  may  be  treated  in  this  way. 
Each  90  parts  of  oxalic  acid  (calculated  as  anhydrous)  thus  indi- 
cated as  destroyed  correspond  to  86  parts  of  Mn02 ;  for 

MnOa  +  C8Ha04= 2CO2  -f  MnO  +  H3O. 

The  results  obtained  by  this  process  are  very  good  (Paul,  Cheuw 
News,  xxi.  p.  16). 

The  process  of  Bunsen  (boiling  with  concentrated  hydrochloric 
acid,  absorbing  the  evolved  chlorine  in  potassium  iodide  solution^ 
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titrating  the  liberated  iodioe  with  thiosulphate  aolation)  is  the 
most  suitable  for  the  employment  of  manganese  on  the  large  scale, 
as  it  directly  measures  the  chlorine  produced  by  it.  Yet  it  is  not 
mnch  employed  in  factories,  because  the  results  obtaiued  by  it  do 
not  always  agree — ^probably  not  through  any  fault  of  the  method, 
but  of  its  manipulation.  Certainly  absolutely  pure  potassium 
iodide,  free  from  iodate,  should  be  employed ;  and  ctcq  in  this 
case  the  resnlts  are  not  always  exact.  The  process  of  expelling 
the  chlorine  and  receiving  it  in  KI  does  not  by  itself  yield  such 
perfectly  correct  results  as  it  is  generally  assumed  to  yield.  Even 
if  the  KI  and  the  hydrochloric  acid  employed  are  absolutely  pure 


(t.  e.  on  being  mixed  cold  remain  colourless  for  some  time),  some 
iodine  will  he  set  free  if  the  acid  be  boiled  for  some  time  in  Bnnsen's 
apparatus  and  the  steam  condensed  in  a  solution  of  potassium 
iodide,  as  in  testing  manganese  it  must  be.  Several  drops  of 
thioeulphate  solution  are  required  for  decolorizing  the  KI  solution ; 
how  many,  should  be  discovered  by  a  preliminary  test  with  the 
same  quantity  of  acid  as  afterwards  employed  in  the  manganese- 
test;  and  the  quantity  of  thiosulphate  thus  required  must  be 
deducted  Crom  the  final  result.  The  apparatus  shown  in  fig.  88 
ia  very  coDTcnie&t  for  Bonsen's  test,  since  there  is  no  danger  of 

t2 
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the  iodide  solution  coming  back ;  but  it  is  best  to  employ  a  second 
receiver  filled  with  KI  solution,  which  need  not  be  emptied  if  no 
iodine  has  been  liberated  in  it. 

In  all  these  cases  about  0*3  gram  manganese  is  put  into  the 
fiask^  which  must  hold  50  or  60  cub.  centims. ;  about  25  cub.  cen- 
tims.  of  pure  fuming  hydrochloric  acid  are  added,  and  the  neck  of 
the  flask  is  at  once  connected  with  the  gas-pipe.  The  receiver  has 
been  previously  charged  with  25  or  30  cub.  centims.  of  concentrated 
potassium-iodide  solution,  which  must  be  kept  cool  during  the 
operation  by  an  external  surrounding  of  cold  water.  The  evolution 
of  chlorine  commences  directly  the  flask  is  moderately  heated ;  the 
current  of  chlorine  should  not  ^be  too  strong,  lest  any  escape  un- 
absorbed ;  at  last  the  liquid  must  be  strongly  boiled  in  order  to 
drive  over  all  the  chlorine  along  with  the  steam  and  HCl.  It  is 
still  safer  to  arrange  the  apparatus  so  that  a  current  of  air  can  be 
drawn  through  it  during  the  operation,  to  expel  all  the  chlorine. 
When  the  liquid  in  the  flask  has  become  of  a  clear  bright  yellow 
colour,  the  lamp  is  removed,  and  if  on  removing  the  gas-pipe  from 
the  flask  there  is  a  smell  of  chlorine  perceptible  in  the  latter,  the 
experiment  must  be  rejected.  The  chlorine  driven  over  liberates 
its  exact  equivalent  of  iodine  in  the  KI  solution;  and  this  can  be 
measured  either  by  sodium  thiosulphate  or  by  sodium  arsenite,  as 
we  shall  see  later  on  when  treating  of  chlorometry.  According 
to  the  equation 

MnOa + 4HC1  «MnCla + 2H,0 + 2C1 

each  87  parts  MnOs  correspond  to  71  chlorine;  or  5x0*087 
(=0*435)  gram  would  take  up  100  cub.  centims.  of  a  decinormal 
iodine  solution;  hence,  if  0*035  gram  of  manganese  ore  is 
employed  for  each  test,  the  number  of  cub.  centims.  of  decinormal 
thiosulphate  or  arsenite  solution  required  for  decolorizing  the 
liberated  iodine  indicates  immediately  the  percentage  of  MnOg. 
The  titration  should  take  place  at  once,  since  after  long  standing 
the  HI  liberated  by  the  HCl  carried  over  is  decomposed  with 
separation  of  iodine. 

The  most  usual  process  of  testing  manganese  ores,  at  least  in 
England,  is  that  proposed  by  Levol  and  Poggiale,by  means  of  iron* 
It  is  based  upon  the  principle  employed  by  Pelouze  in  estimating 
nitric  acid  (Vol.  I.  p.  173),  viz.  upon  the  oxidation  of  ferrous  into 
ferric  salt  by  the  higher  oxides  of  manganese,  and  remeasuring 
the  unused  ferrous  salt.    The  manganese  ore  is  dissolved  in  the 
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presence  of  a  certain  quantity  of  ferrous  salt  or  of  metallic  iron, 
and  aulphniic  acid^  and  titrated  back  by  potasBtum  permaDganate. 
The  moat  convement  way  of  making  this  test  is  as  follows : — ■ 
Weigh  1*0875  grm.  of  manganese  ore,  ground  as  fine  as  possible, 
and  dried  some  time  at  lOO'^C. ;  put  it  into  the  flask  (fig.  89), 
closed  by  an  india-rubber  valve;  add  75  cub.  centims.  (in  three 
pipettesful  at  25  cub.  centims.  each)  of  a  solution  containing  100 
grama  pure  crystallized  ferrous  sulphate  and  100  cub.  centims. 
pure  concentrated  sulphuric  acid,  diluted  to  one  litre,  and  stand- 
ardized on  the  same  day  by  means  of  the  same  25  cub.  centims. 
pipette,  with  decinormal  potassium  permai^anate.  Close  the 
flask  by  its  india-rubber  cork  and  valve,  and  heat  till  the|manganese 
is  completely  decomposed,  leaving  a  light-coloured  residue.  On 
cooling,  the  valve  must  act  properly,  which  will  be  seen  by  the 


Fig.  89. 


collapsing  of  the  india-rubber  tube.  After  complete  cooling  add 
200  cub.  centims-  of  water,  and  titrate  with  potassium  perman- 
ganate to  a  funt  pink  coloration.  Deduct  the  quantity  of  per- 
manganate now  required  from  that  corresponding  to  the  75  cub. 
centims.  of  iron  solution ;  the  remainder  indicates  for  each  cubic 
centimetre  0'02176  grm.,  equal  to  2  per  cent.^nOj. 
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As  a  check  upon  tbe  above  process^  the  analysis  may  be  per- 
formed by  means  of  hydrogen  peroxide  in  an  add  solution^  mea- 
suring the  oxygen  evolved  in  a  nitrometer  or  in  the  gas-volumeter 
described  in  Vol.  I.  p.  185.  In  this  case  these  instruments  must 
be  provided  with  a  reaction-flask  a,  fig.  89.  The  gas-burner  A  is 
filled  with  mercury  by  raising  the  ''  level-tube ''  until  the  mercury 
comes  up  to  tap  e.  The  weighed  sample  is  placed  in  the  outer 
space  of  flask  a,  and  is  agitated  with  dilute  sulphuric  acid  to 
decompose  any  carbonates  present.  Tube  b  is  filled  with  hydrogen 
peroxide^  whose  strength  need  not  be  known^  but  which  must  be 
in  excess.  The  stopper  /  is  put  in^  and  the  compression  caused 
thereby  is  removed  by  opening  the  plug  of  e  for  a  moment,  and 
again  bringing  the  mercury  to  the  zero-point  of  the  scale.  The 
flask  in  this  case  and  later  on  must  never  be  grasped  otherwise 
than  by  its  neck,  to  prevent  heating  it ;  for  very  accurate  work  it 
is  best  to  place  it,  before  and  after  each  operation,  in  a  dish  filled 
with  water  of  the  temperature  of  the  room,  until  the  temperatures 
are  equalized.  Then  e  is  turned  so  that  a  communicates  with  A 
(the  mercury  sftill  being  at  zero) ;  now  the  flask  is  inclined  so  that 
the  hydrogen  peroxide  runs  from  b  into  a,  and  it  is  shaken  up, 
lowering  the  level-tube  to  avoid  unnecessary  pressure.  After  a 
very  few  minutes  (not  exceeding  five)  the  evolution  of  gas  is 
finished;  the  colour  of  the  residue  must  be  light  without  any 
dark  particles.  The  latter  consist  of  undecomposed  manganese  ore, 
and  if  such  are  present  the  test  is  lost.  Some  ores,  in  spite  of  the 
finest  triturating,  cannot  be  completely  decomposed,  and  these 
cannot  be  analyzed  by  this  method.    The  reaction  is : — 

MnOj + HA + H,S04  +  MnSO^  +  ZYLjO  +  Oj. 

Any  prolonged  agitation  must  needs  be  avoided,  as  otherwise 
some  oxygen  is  given  ofi*  spontanebusly  from  the  H3O2 ;  but  this 
does  not  happen  quite  so  easily  in  acid  liquids,  like  the  present,  as 
in  alkaline  liquids. 

Now  the  reading  is  at  once  made.  For  this  purpose  the  level- 
tube  is  placed  in  such  a  position  that  the  mercury-levels  in  this 
and  in  the  tube  A  are  exactly  at  the  same  height ;  the  tap  e  is 
closed,  and  in  case  of  an  ordinary  nitrometer  the  gas-volume  in  A 
is  read  oS  now,  as  well  as  the  thermometer  and  barometer,  reduced 
to  0^  and  760  millims.  pressure.  In  the  case  of  a  gas-volumeter 
the  procedure  is  as  described  in  YoL  I,  p.  186,  to  avoid  the  neces- 


VALUATION  OF  MANGANESE  ORE.  279 

■sitv  of  any  reduction.  Notice,  however^  must  be  taken  that  the 
reduction-tube  in  this  case  is  regulated  for  moist  gases ;  or  else  a 
special  correction  must  be  made  for  this  object. 

Each  cub.  centim.  of  the  oxygen  evolved^  reduced  to  0°  and  760 
millims.,  is  « 0-003897  MnO^. 

3.  Carbonic  acid  is  either  estimated  gravimetrically  by  expelling 
'with  dilute  sulphuric  or  nitric  acid  and  absorbing  in  soda-lime^  or 
%)etter  and  more  quickly  volumetrically  in  Lunge  and  March- 
lewski's  apparatus^  Vol.  II.  p.  113. 

4.  The  quantity  of  hydrochloric  acid  required  for  dissolving  the 
•manganese  ore  is  sometimes  estimated,  as  it  is  very  different  for 
ihe  same  quantity  of  MnO^  indicated  by  the  test,  if  the  composi- 
iion  of  the  ore  varies.  If,  for  example^  the  analysis  indicates  60 
f>er  cent.  MnOy,  this  might  all  be  present  as  real  manganese 
^lioxide,  along  with  40  per  cent,  gangue,  and  would  require  much 
less  HCl  than  if,  along  with  60  per  cent.  MnOs,  40  per  cent,  of 
MnO  were  present.  These  are  both  extremes  which  do  not  happen 
in  practice ;  and  on  the  whole  practical  wants  are  satisfied  by  the 
^above-mentioned  custom  of  the  trade,  according  to  which  the  ore 
is  not  paid  for  in  direct  proportion  to  its  percentage  of  MnO^,  but 
<on  a  much  higher  scale ;  for  a  rich  ore  nearly  always  consumes 
'Comparatively  less  acid  than  a  poor  one.  The  oxides  of  manganese 
behave  towards  hydrochloric  acid  as  follows : — 

MnO    -f2HCl=    MnCla  +  HjO; 
Mn,04 + 8HC1  =  3MnCls + 4H3O  +  2C1 ; 
MnjOj  +  6HC1  =  2MnCl8  +  3H,0  +  2C1 ; 
Mn03+4HC1=    MnCls+2H30+2Cl, 

Besides,  any  iron  oxides  occurring  in  the  ore  consume  acid  without 
yielding  chlorine,  not  to  mention  carbonates. 

Still  the  quantity  of  HCl  required  for  decomposing  the  man- 
j;ane8e  ore  ought  to  be  estimated  much  more  frequently  than  it 
usually  is.  This  is  done  by  dissolving  a  certain  weight  of  ore  in 
4  known  quantity  of  hydrochloric  acid,  in  a  flask  with  a  reflux- 
•cooler,  or,  more  simply,  fitted  with  a  vertical  glass  tube,  8  feet 
long,  passing  through  its  cork,  so  that  any  HCl  volatilized  by  the 
heating  is  condensed  and  runs  back  into  the  fiask,  whilst  the  chlo- 
rine may  escape.    When  the  decomposition  is  quite  complete,  the 
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flask  is  allowed  to  cool^  its  contents  are  diluted^  and  the  remainder 
of  the  acid  titrated  back.  This  is  best  done  by  employing  as  an. 
indicator  the  ferric  oxide  which  is  always  present  in  manganese 
ores^  and  simply  adding  standard  soda  or  ammonia  to  the  acid 
manganese  solution  till  reddish-brown  flakes  of  ferric  hydroxide- 
are  formed^  which  on  shaking  do  not  redissolve. 

Hydrochloric  Acid. 

At  first  chlorine  was  always  made  from  manganese  ore^  commoi^ 
salt^  and  sulphuric  acid^  which  act  as  follows : — 

MnOs+2NaCl+2S04H,=MnS04  +  Na3S04  +  2Cl+2H,0. 

Hence  a  residue  is  obtained  which  is  a  mixture  of  sodium  and! 
manganese  sulphate  very  diflicult  to  utilize.  But  in  the  infancy 
of  alkali-making  the  high  price  of  soda  permitted  the  working  of 
these  residue  liquors  for  it^  e.  g,  at  St.  BoUox  about  the  year  180O 
(Mactear^  /.  c).  This  mode  of  preparing  chlorine  is  nowadays* 
practised  only  in  laboratories^  and  in  some  isolated  cases  where: 
gaseous  chlorine  is  used  for  bleaching^  and  where  the  difficulty  of 
transit  renders  the  salt  and  sulphuric  acid  cheaper  than  their 
equivalent  of  hydrochloric  acid.  This  happens^  for  instance^  at 
some  paper-mills^  but  is  getting  less  common. 

As  soon  as  by  the  development  of  alkali-making  larger  quantities: 
oi  hydrochloric  acid  hecdimei  available^  this  acid  was  at  once  made 
use  of;  and  it  is  now  almost  the  only  source  for  the  bleaching* 
powder^  bleach-liquor^  and  chlorate  of  potash  of  commerce.  Only 
during  the  last  few  years  other  sources  of  chlorine  have  been  added, 
viz.^  magnesium  chloride  and  the  electrolysis  of  alkaline  chlorides* 

Concerning  the  quality  of  the  hydrochloric  acid^  we  must  take 
account  of  its  concentration  and  of  its  impurities. 

The  concentration  of  the  hydrochloric  acid  is  of  great  importance 
for  the  manufacture  of  chlorine^  and  mostly  so  in  the  case  of 
natural  manganese  ore^  of  which  the  harder  descriptions  especially 
are  not  at  all  affected  by  dilute  acid^  not  ^en  at  a  higher  tern-- 
perature.  When,  therefore,  a  certain  portion  of  the  HCl  con- 
tained in  the  acid  has  been  consumed  in  the  formation  of  MnCl^ 
and  of  free  chlorine,  the  action  ceases,  although  there  is  still  a 
considerable  quantity  of  HCl  present.  In  the  case  of  ordinary 
soft  manganese  ore,  the  lower  limit  down  to  which  it  pays  to  go  iit 
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the  preparation  of  chlorine  may  be  placed  at  the  point  when  the 
liquid  contains  5  per  cent.  HCl;  in  the  case  of  hard  manganese 
ore  in  lumps,  the  operation  must  very  frequently  be  finished  at 
7  or  8  per  cent.  HCl,  because  the  disengagement  of  chlorine  is 
then  too  slow  even  at  a  boiling  heat.  It  stands  to  reason  that  we 
are  incomparably  better  off  if  we  make  a  certain  quantity  of  HCl 
act  in  the  presence  of  less  water  than  in  that  of  more  water. 
Not  to  complicate  this  explanation,  we  will  take  no  account  here 
of  the  dilution  of  the  water  condensing  from  steam.  Suppose  we 
b^in  with  acid  of  36  p.  c.  HCl  and  we  go  down  to  6  p.  c,  we  have 
then  utilized  f  of  the  acid  and  lost  ^=16|  p.  c.  If,  however,  we 
had  begun  with  acid  of  27  p.  c.  HCl,  as  often  obtained  from 
open  saltcake  furnaces  (Vol.  II.  p.  174),  we  utilize  only  |  and 
lose  ^=25  p,  c.  If  we  only  go  down  to  8  p.  c,  which  is 
much  more  frequently  the  case,  the  comparison  is  even  more  un- 
favourable, for  then  we  lose  in  the  former  case  ^^=22*2  p.  c,  in 
the  second  ^^4^=83  p.  c. 

The  utilization  of  the  acid  can  be  carried  much  further  if  it  is 
used  for  recovered  manganese — ''Weldon  mud,''  as  we  shall  see. 
In  this  case  a  very  high  strength  of  the  acid  is  not  quite  so  im- 
portant, but  even  here  it  has  a  very  decided  influence  on  the  yield 
of  chlorine. 

The  impurities  of  hydrochloric  acid  are  of  no  consequence  when 
employing  it  for  decomposing  native  manganese  ore.  Iron, 
arsenic,  &c.  are  never  present  in  any  essential  quantity,  and  do  not 
interfere  with  the  evolution  of  chlorine.  Only  sulphuric  acid 
might  be  quantitatively  important :  this  circumstance  does  not  in 
any  way  disturb  the  process,  it  simply  replaces  part  of  that  HCl 
which  enters  into  combination  with  Mn;  there  is  a  little  MnS04 
formed  instead  of  MnClg.  Even  2  or  3  per  cent,  sulphuric  acid, 
whiph  sometimes  occurs  in  roaster-acid,  does  no  harm  here. 

The  case  is  very  different  if  the  hydrochlorine  acid  is  required 
for  the  Weldon  or  Deacon  process:  here  the  sulphuric  acid  is 
very  injurious,  as  we  shall  see  in  the  following  chapters. 

We  must  bear  in  mind  that  even  under  such  circumstances  as 

never  occur  in  practice,  viz.,  with  pure  manganese  dioxide  and 

with  a  complete  utilization  of  the  hydrochloric  acid  according  to 

the  equation 

MnO, + 4HC1 = MnCla  +  CI,  +  2H3O, 

only  50  per  cent,  of  the  chlorine  is  set  free.    If  we  consider  that 
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in  practice  at  least  ^  of  the  HCl  remains  in  the  residue^  we  obtain 
a  utilization  of  at  most  42  per  cent,  in  the  shape  of  free  chlorine. 
But  even  this  figure  is  much  too  high :  firstly,  on  account  of  the 
dilution  by  the  water  condensing  from  steam;  secondly,  because 
pure  MnOs  is  never  used,  but  there  is  always  an  excess  of  M nO  to 
dissolve^  and  frequently  also  ferric  oxide  &c.  Even  in  well  con- 
ducted works  the  practical  yield  of  free  chlorine  is  only  from  30  to 
33  per  cent,  of  that  contained  in  the  hydrochloric  acid. 

During  the  action  of  concentrated  hydrochloric  acid  on  man- 
ganese dioxide  in  the  cold  a  coffee-coloured  liquid  is  formed, 
which  gives  off  chlorine  even  at  ordinary  temperature,  but  much 
more  on  heating,  and  on  boiling  passes  into  a  bright  yellow  colour 
(caused  by  the  presence  of  iron)  with  evolution  of  all  the  free 
chlorine.  The  brown  liquid  contains  a  very  unstable  higher 
chloride  of  manganese.  This  was  always  taken  to  have  the 
formula  MnCl^,  which  was  also  confirmed  by  Fisher  ( Joum.  Chem. 
Soc.  1878,  p.  409)..  Pickering  (ibidem,  1879,  p.  654)  assumes 
the  formula  to  be  MngCle;  but  this  is  contradicted  by  all  others. 
Berthelot  (Compt.  Bend.  xci.  p.  251)  has  made  a  minute  exami- 
nation of  the  liquor  referred  to.  It  is  decolorized  only  by  boiling ; 
on  dilution  with  water  it  becomes  turbid  and  a  hydrate  of  MnOg  is 
precipitated,  whatever  may  have  been  the  composition  of  the 
oxide  of  manganese  dissolved  in  the  hydrochloric  acid.  Probably 
the  brown  liquid  is  not  simply  a  solution  of  MnCl4,  but  its 
formation  requires  also  free  HCl,  for  a  solution  of  MnCl^,  when 
treated  with  free  chlorine  at  12^  C,  absorbs  only  haU  as  much  as 
pure  water.  The  reaction  is  accompanied  by  phenomena  of 
equilibrium,  influenced  both  by  the  concentration  of  the  acid  and 
the  temperature.  A  sample  of  manganese  dioxide  which  is  com- 
pletely soluble  in  concentrated  hydrochloric  acid,  when  suspended 
in  dilute  acid  (1*6  per  cent.)  yields  chlorine  even  in  the  cold  with 
formation  of  a  brown  liquid ;  but  the  reaction  is  very  incomplete. 
Probably  the  brown  liquid  contains  an  unstable  perchlorinated 
hydrogen-manganese  chloride, 

HCl,  +  wMnCl„  or  else  MnCl^+nHCl. 

Vernon  (Proc,  Chem.  Soc.  1890,  p.  58)  has  proved  Pickering's 
experimental  data  to  be  entirely  erroneous;  the  assumption  of  a 
compound  Mn^Cl^  must  be  definitely  abandoned,  and  the  formula 
MnCl^  must  be  retained. 
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Tlie  Manufacture  of  Chlorine  from  Salt,  Manganese  Ore,  and 

Sulphuric  Acid, 

Daring  the  first  period  of  manufacturing  bleaching-powder, 
-when  hydrochloric  acid  was  not  yet  cheap  enough^  chlorine  nsed 
to  be  made  from  common  salt^  manganese^  and  sulphuric  acid. 
IE  these  materials  are  mixed  in  the  proportions  indicated  by 
theory,  i.  c. 

MnOa  +  2Naa  +  2SO4H3, 

B  very  high  temperature  must  be  employed  in  decomposing  them, 
as  at  first  monosodium  sulphate  (NaHS04)  is  formed  and  only 
half  the  chlorine  is  liberated;  hence  the  heat  must  be  increased 
b^ond  120°  C.  (which  is  not  easily  done  in  practice  by  means  of 
steam),  or  more  sulphuric  acid  must  be  employed,  according  to 
the  equation 

MnOj + 2NaCl + SSO^Hg = MnSO^ + 2NaHS04 + ZRfi + 2C1. 

This,  again,  makes  the  manufacture  of  chlorine  more  expensive. 
The  latter  proportion  would  mean  87  MnO^,.!!?  NaCl,  and  297 
S04H2>  and  yield  71  chlorine;  but  as  the  materials  are  not  pure, 
about  1  part  of  common  salt,  1  part  of  ground  manganese,  and  2^ 
parts  of  vitriol  are  taken,  the  latter  previously  diluted  with  an  equal 
weight  of  water,  or  emyloyed  in  the  state  of  chamber-acid. 

Klason  (Ber.  d«  deutsch.  chem.  Oes.  1890,  p.  834)  states  that 
when  employing  the  above-mentioned  proportions  only  71  per 
oent.  of  the  chlorine  is  set  free.  The  course  of  the  reaction  must 
be  represented  by  a  different  formula,  viz. : 

4NaCl + MnO,  +  311,804 = 

2NaHS0^ + Na2S04 + MnClj  +  2H80  +  CI,. 

This  corresponds  to  5  parts  of  90  per  cent,  manganese  ore, 
11  common  salt,  and  14  strong  sulphuric  acid,  diluted  with  its 
own  bulk  of  water.  Thus  95  per  cent,  of  the  total  chlorine  is 
obtained,  and  the  above  proportions  are  also  the  cheapest  to  use. 

For  preparing  chlorine  from  salt  and  sulphuric  acid,  leaden 
apparatus  were  usually  employed  (represented  in  fig.  90).  The 
principal  part  is  a  leaden  still ;  the  lower  portion  of  this  is  sur- 
rounded by  an  iron  jacket  B  B  separated  by  a  narrow  interval  from 
the  still-sides,  so  that  the  latter  can  be  heated  by  steam  entering 
through  the  pipe  H.  Sometimes  the  lower  portion  of  the  still  was 
arranged  for  heating  by  direct'  fire,  by  constructing  it  as  a  cast-iron 
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dish  with  a  rabbet  in  its  upper  edge,  into  which  the  leaden  upper 
part  was  cemented.  The  latter  is  provided  with  the  charging-hole- 
D  for  manganese,  the  fiumeUtube  C  for  muriatic  acid,  the  gas-pipe 
F  forchloriue,  and  the  opening  £  for  the  vertical  shaft  of  the  agi- 
tator J.  All  openings  are  provided  with  water-lutes  (as  indicated), 
which  must  be  deep  enough  to  prevent  any  escape  of  gas  at  the- 
highest  pressure   experienced  by  friction  on  the  pipes  or  other 

Fig.  90. 


resistances.  Such  water-lutes  are  regularly  employed  in  chlorine- 
making,  because  most  other  joints  do  not  stand,  owing  to  the  rapid 
destruction  of  screw-bolts,  &c.  The  pipe  G  serves  for  running  ofiT 
the  contents  of  the  still  at  the  end  of  the  operation. 

Apparently,  for  some  decades  auch  leaden  stills  were  exdusively 
in  use,  although  very  often  needing  repair  and  quickly  worn  out. 
For  liquid  hydrochloric  acid  they  cannot  be  used  at  all,  because 
when  heated  it  quickly  dissolves  the  lead.  In  No.  5739,  1828, 
Morfit  patented,  as  an  improvement,  lining  the  leaden  retorts  with 
glaaed  stoneware,  Gamble's  was  a  much  more  important  improve- 
ment (patent.  No.  8000,  1839).  He  abandoned  the  use  of  lead, 
except  for  the  lid,  and  employed  deep  stoneware  pots  with  a  jacket 
enclosing  an  annular  space  3  inches  thick,  in  which  there  was  a 
circulation  of  hot  water,  hot  solution  of  salt,  or  steam.  The  pot 
tapered  towards  the  bottom,  where  it  had  a  discharge-pipe ;  it  was 
again  contracted  at  the  top,  ao  that  the  lead  of  the  cover  could  be 
turned  over  it  and  tightened  by  an  iron  hoop;  between  lead  and 
stoneware  oil  cement  was  put.     These  stills  were  each  provided 
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-with  an  agitator^  and  accordingly  could  be  employed  for  ground 
manganese^  salt^  and  sulphuric  acid^  or  for  manganese  and 
muriatic  add,  as  the  lead  cover  only  came  into  contact  with 
gaseous  HCL 

The  stoneware  apparatus  to  be  described  below  might  also  be 
employed  for  making  chlorine  gas  from  salt  and  sulphuric  acid ; 
but  if  no  agitators  are  provided^  the  materials  must  be  well  ground 
and  mixed  together. 

Wurster  (Fischer's  Jahresb.  1887,  p.  540)  describes  chloiine- 
atills  for  manganese,  salt,  and  sulphuric  acid,  consisting  of  a  cast- 
iron  pan  with  discharging-pipe  and  a  cylindrical  leaden  hood  for 
the  frothing  over  of  the  mass.  As  long  as  there  is  an  excess  of 
manganese  present,  the  cast-iron  is  but  little  acted  upon. 

The  residue  from  this  operation  (a  mixed  solution  ot  manganese 

and  sodium  sulphate)  is  almost  worthless;  and,  as  we  have  seen, 

this  mode  of  operation  is  applicable  now  in  rare  cases  only.    The 

grinding  of  manganese  is  also  expensive.     On  the  large  scale,  for 

a  long  time  past,  hydrochloric  acid  and  manganese  have  been  used 

exclusively;   but  this  cannot  easily  be  done,  except  at  saltcake 

works,  since  the  cost  of  packing  and  carrying  muriatic  acid  is  out 

of  proportion  to  its  value;  hence  the  manufacture  of  bleaching- 

powder  is  only  possible  where   the  HCl  itself  is  produced.    A 

transition  to  this  is  afforded  by  the  process  of  decomposing  NaCl 

and  SO4H9  in  one  compartment  of  a  vessel,  and  allowii^  the  gas  to 

pass  into  the  other  compartment,  where  manganese  is  suspended 

in  water.    In  this  case  the  residue  from  the  first  compartment 

might  be  used  as  acid  sodium  sulphate;  but  the  decomposition 

is  incomplete,  and  the  apparatus  impracticable.     According  to 

Wagner's  Jahresb.  1857,  p.  105,  Clement  is  said  to  have  proposed 

such  an  apparatus  (when?).     Maughan  (pat.  No.  7039, 1886)  was 

probably  the  first  to  act  upon  manganese  directly  with  the  HCl 

formed  in  the  decomposition  of  common  salt  by  sulphuric  acid. 

The  manganese,  in  fragments,  was  contained  in  a  vertical  cylinder 

provided  with  a  grate  just  above  the  bottom,  and  was  constantly 

kept  moist  by  water.     The  cylinder  was  enclosed  in  a  jacket  in 

which  steam  circulated  and  kept  the  temperature  up  to  at  least 

55^  C.     The  HCl  gas  entered  at  the  top ;  the  chlorine  passed  out 

at  the  bottom;  it  was  to  be  washed  and  then  brought  to  a  red  heat 

in  platinum  tubes  (1),  and  ultimately  cooled  and  conveyed  into 

the  absorbing-chambers.    A  similar  apparatus,  patented  by  Seybel^ 
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No.  9310,  1842,  is  represented  in  fig.  91.  a  a  is  a  leaden  retort, 
in  vbich  salt  is  decomposed  by  vitriol;  b  is  the  man-liole  for 
cbarging  the  salt ;  c,  a  pipe  leading  towards  the  chimney,  closed 
by  a  valve  during  the  decomposition ;  d,  a  pipe,  with  a  valve,  to 
admit  the  vitriol ;  e,  discharging-pipe  for  the  sodium  bisulphate, 
covered  by  a  leaden  lid  F,  held  fast  by  an  iron  frame,  screw-bolt,  and 
arm  i.  J  J  is  an  iron  oil-bath  with  a  perforated  false  bottom,  kk, 
as  support  for  the  vessel  a  a.     The  heat  iu  aa  was  not  to  exceed 

Fig.  91. 


166°  [?1].  The  charge  consisted  of  1  ton  of  salt  and  1^  ton  of 
salphuric  add  of  spec.  grav.  1*71.  The  HCI  escapes  through  t» 
into  the  manganese-vessel  n,  lined  with  fire-bricks.  The  pipe  m  is 
continued  into  a  stoneware  pipe  o,  and  this  into  a  hollow  ring  p 
with  several  small  holes,  through  which  the  HCI  gas  is  conducted 
below  the  level  of  the  water  and  the  manganese.  The  latter  is 
from  time  to  time  stirred  up  by  an  iron  agitator  r,  lined  with  lead, 
which  passes  through  the  gland  r.  g  is  the  discharge-hole ;  t  man- 
hole; V,  gas-pipe.  The  chlorine  is  washed  in  u  with  water  and 
about  5  kils.  of  manganese ;  the  water  can  be  siphoned  off  through 
to.  n  is  charged  with  7  cwt.  manganese  of  62  per  cent,  and  11  or 
12  cwt.  of  water ;  it  is  worked  off  in  15  hours.  The  many  practical 
difficulties  of  this  apparatus  are  evident ;  it  has  hardly  ever  pro- 
ceeded beyond  the  stage  of  trial 
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The  same  principle  was  again  patented  by  Monod  (No.  21 47, 
1856) ;  he  employed  a  manganese-vessel  with  a  perforated  false 
bottom.  Baggs  and  Simpson  once  more  patented  the  siCme  thing 
(No.  1475,  1862). 

Dormer  (Engl.  pat.  5225, 1889)  decomposes  manganese  ore  with 
a  mixture  of  hydrochloric  and  sulphuric  acid,  in  order  to  set  all 
the  chlorine  free,  the  manganese  being  converted  into  sulphate. 
The  latter  is  treated  with  calcium  chloride,  and  the  solution  of 
MnCls  filtered  from  the  CaSO^,  in  order  to  be  subjected  to  the 
Weldon  process  for  recovering  the  MnOa.  The  "inventor*'  of 
this  process  points  out  that  the  only  extra  cost  for  completely 
converting  the  HCl  into  chlorine  is  the  sulphuric  acid  [certainlyl]. 


*  i 


Manvfacture  of  Chlorine  from  Mauffanese  Ore  and 

Hydrochloric  Acid. 

The  manufacture  of  chlorine  from  manganese  and  hydrochloric 
add  cannot  be  carried  out  very  well  except  in  vessels  of  stone  or 
stoneware.  At  first  these  were  often  built  as  shown  in  fig.  92c 
They  were  composed  of  eight  stone  slabs,  kept  together  by  a  cast- 
iron  bottom  piece  with  a  flange  a,  midway  and  toward  the  top  by 
hoops  c  c,  and  at  the  top  by  the  stone  cover  m  n.  The  bottom 
was  paved  with  a  double  course  of  fire-bricks,  as  a  protection 
against  the  acid.  The  hole  o  admitted  the  charge  of  manganese, 
q  that  of  the  acid ;  p  carried  off  the  chlorine  gas ;  z  was  for  the 
discharge  of  the  waste  liquor.  A  small  fireplace  beneath  the  iron 
bottom,  as  in  the  figure,  or  a  steam-jacket  served  for  the  heating. 
These  apparatus  are  said  to  have  sometimes  exploded — which,. 
however,  cannot  have  been  a  consequence  of  their  construction, 
and  may  happen  with  any  construction  through  an  excess  of  pres- 
sure. Neither  are  the  joints  more  difficult  to  keep  tight  than 
others ;  but  probably  the  iron  bottom  was  not  sufficiently  protected 
from  the  acid  by  the  brick  pavement ;  and  the  heating  of  the 
apparatus  by  an  open  fire  from  beneath  must  have  been  very  im- 
perfect, and  the  evolution  of  chlorine  but  slow.  As  there  was  no 
grid  provided,  much  manganese  must  have  been  lost,  especially  as, 
in  the  absence  of  an  agitator,  ground  manganese  could  not  be  used 
to  advantage,  though  it  seems  to  have  been  used.  A  still  patented 
by  Boyd  (No.  1859,  1853),  made  of  cast  iron  with  a  fire-brick 
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lining,  set  in  mortar  of  pipeclay,  ground  pitch,  sand,  and  boiled 
oil,  is  quite  unwortabie. 

A  mucb  better  chlorine-still  is  represented  in  fig.  93,  The 
apparatus,  made  of  scooped-out  blocks  of  sandstone,  is  abont 
6  feet  6  inches  high  and  3  feet  3  inches  wide,  hence  made  in  two 
pieces  (A.  and  B),  which  are  rebated  together  in  the  middle  and 
joined  with  clay  and  boiled  oil.  A  also  includes  the  bottom ;  the 
thickness  of  the  sides  up  to  6  inches  above  this  is  a  little  more 
than  higher  up,  so  that  a  recess  of  2  inches  all  round  is  formed,  on 
which  rests  the  perforated  plate  C,  on  which  the  manganese  (in 
pieces)  is  placed.  D  is  the  steam-pipe  made  of  sandstone,  con- 
nected by  E  with  the  main  pipe ;  the  steam  can  only  escape  below 
the  false  bottom,  by  the  perforations  of  which  it  is  well  distributed. 
The  top  of  this  still  was  made  of  lead  (stone  would  be  much 
better),  and  was  provided  with  openings  for  the  chlorine-pipe  P, 
the  man-hole  0-,  the  acid-funnel  H,  and  the  steam-pipe  E.  The 
lower  opening,  J,  closed  by  a  wood  plug,  serves  for  diflchu*gi]ig. 


CHLOKIXE  PBOM  MANGANESE  AND  BYOROCHLORIC  ACID.        2B9 
TV.  93. 


A  peculiar  form  of  still  was  patented  by  Lee  (No.  90il,  1841), 
viz.  shallow  stoDe  troughs  covered  by  shallow  brick  arches,  in  the 
shape  of  an  oven.  They  stood  on  an  opea  fouudation  beneath, 
and  were  heated  from  the  top  through  the  arch  by  aa  open  lire. 
In  order  to  make  the  tops  gas-tight^  they  were  covered  with  a 
mixture  of  fireclay,  ground  lire-brick,  and  common  salt.  Evidently 
in  these  ground  manganese  was  employed;  and  cracking  the 
bottom  was  avoided  by  not  heating  it.  But  in  this  way  these  stills 
must  have  been  very  imperfectly  heated;  and  they  were  soon 
given  up  again,  as  appears  from  the  fact  that  Mr.  Lee's  partner, 
W.  W,  Pattinson  {No.  11290, 1846),  patented  a  new  form  of  still, 
an  improvement  of  which  was  the  subject  of  a  fresh  patent 
(No.  14056, 1852)  and  was  in  use  at  the  Felling  works  near  Gates- 
head up  to  the  time  of  the  introduction  of  the  Weldon  process. 
This  apparatus  already  exhibits  all  the  parts  of  modern  stills,  and 
was,  moreover,  specially  protected  against  cracking  and  against 
dilution  by  condensed  steam. 

VOL.  III.  V 
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Figs.  94  and  95  show  its  first  coQStructioa.     a  a  is  a  circular 
Fig.  94  Fig.  95. 


still,  made  of  stone,  b  its  top ;  c,  man-hole ;  d,  chlorine-pijie ; 
t,  false  bottom  (grate) ;  e  and  g,  holes  io  the  top  for  introducing 
the  acid  and  gauging  the  height  of  the  liquor ;  h,  aperture  admiu 
ting  the  stone  steam-pipe ;  //,  double  iron  jacket  for  heating  the 
still  from  without.     la  the  later  construction   (figs.  96,  97)   the 

Fig.  96. 
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inner  iron  jacket  A  is  perforated  by  a  number  of  boles  ;  the  stone 
vessel  B  is  6  inches  higher,  and  its  projecting  portion  is  sarrounded 
by  the  iron  ring  a  a  which  leaves  a  small  caulk  in  g-space  b,  and 
hhs  a  flange,  which  is  bolted  to  the  flanges  of  the  iron  jackets  A. 
Tbe  joint  ia  made  by  india-rubber  washers  and  melted  lead.  The 
small  iron  reservoir  E  communicates  through  I)  with  the  space 
between  the  stone  and  the  iron  jacket,  and  with  the  annular  space 
C  between  the  two  jackets  ;  the  steam-pipe,  d,  coils  several  times 
round  the  stone  still  and  comes  out  at  e  (fig.  97,  which  represents 
the  jacket  without  the  still).  Into  the  vessel  £  hot  coal-tar, 
boiled  down  to  the  consistency  of  pitch,  is  poured  till  the  whole 
space  C  C  is  filled ;  and  this  is  always  kept  hot  by  the  steam-pipes ; 
so  that  the  still  is  heated  from  without,  and  at  the  same  time  its 
cracking  prevented  by  tiie  uniformity  of  heating.  Even  if  the 
stone  should  still  get  cracked,  the  work  may  be  continued,  since 
the  tar  prevents  the  acid  from  getting  out.  This  construction  is 
somewhat  expensive,  especially  from  the  necessity  of  making  the 
inner  vessel  from  a  single  block  of  stone;  and  therefore  its  use 
has  not  been  very  widely  extended. 

Lister's  patent  (No,  69,  1854)  leaves  spiral  channels  within  the 
sides  of  the  still  itself,  for  heating  it  by  means  of  steam  or  hot  air 
— an  unpractical  construction. 

At  several  German  works  there  are  found  chlorine-stills  of  the 
shape  represented  in  fig.  98.     A  is  a  square  box,  consisting  o£  the 


Fig.  98. 
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proper  still  a  a  and  the  brick  jacket  to.  The  still  a  a  is  cut  out  of 
a  tingle  block  of  sandstoBe,  and  covered  with  a  slab  of  the  same 
material  ;  where  such  large  blocks  cauaot  be  had,  the  stills  are 
composed  of  several  pieces.  In  auy  case  the  sandstone  is  boiled 
in  tar  till  it  absorbs  do  more  of  it.  The  sides  are  6  to  8  inches 
thick,  6  ft.  6  in.  long,  3  ft.  6  in.  wide,  and  2  ft.  6  in.  high.  The 
brick  jacket  is  10  inches  thick,  and  leaves  between  itself  and  the 
still  an  inch  space,  which  is  filled  with  melted  pitch.  A  little 
above  the  bottom  a  grate  nn,  consisting  of  sandstone,  lies  on  the 
sleepers  /  /  and  m  m  ;  upon  this  the  manganese  ore  (about  10  cwt.) 
is  charged  through  the  man-hole;  the  lid  of  the  latter  is  made 
tight  with  red  lead,  pipeclay,  and  boiled  oil.  The  acid  arrives 
through  the  pipe  g,  the  steam  through  the  sandstone  column  we. 
A  sandstone  flue,  ret,  conveys  the  chlorine  gas  to  a  second  still 
and  then  to  the  chambers.  The  wide  neck  bb  serves  for  dis- 
charging the  residues  into  the  shoot  A ;  it  is  closed  by  bricks 
coated  with  moist  clay,  upon  which  the  sandstone  lid  is  placed  and 
made  tight  with  clay.  By  means  of  the  wooden  post  g,  the 
movable  crossrail  /,  and  the  screwbolt  h,  the  lid  d  is  pressed  tightly 
against  the  still ;  it  is  protected  from  fracture  by  an  iron  plate. 
The  acid  is  run  in  by  a  lead  box  and  siphon,  fig.  99,  the  longer 
Fig.  99, 
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limb  of  which  is  cemented  into  the  hole  q.  When  the  acid  has 
risen  to  the  dotted  line  a  the  siphon  begins  to  run,  and  empties 
the  whole  vessel,  which  usually  holds  a  carboy  full  of  acid.  [This 
is  a  very  clumsy  contrivance  ;  why  should  the  acid  first  be  filled 
into  fragile  carboys  and  one  such  run  in  at  once,  instead  of 
running  it  in  directly  from  a  tank  and  regulating  its  flow  by  an 
earthenware  cock  ?  The  grating  n  n  is  also  very  unsuitable,  espe- 
cially liable  to  break ;  so  is  the  gas-flue  rtt,  which  is  in  every 
way  inferior  to  good  stoneware  pipes ;  and  there  is  no  opening  for 
gauging  the  height  of  the  acid,  which  has  to  be  done  through  the 
man-hole !] 
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The  Btills  mostly  employed  in  England  for  the  last  forty  years, 
whicli  even  since  the  introduction  of  Weldon's  process  are  still 
required  for  decomposing  the  fresh  manganeae,  are  shown  in 
figs.  100  to  103 ;  but  of  course  there  are  di&erences  in  detail.  The 
comers,  especially  in  Lancashire,  are  often,  and  on  the  Tync 
always,  made  in  a  somewhat  difTerent  way,  viz.  with  feather-and- 
groove  joint  (as  shown  in  the  case  of  condensers  in  figs.  106  to  108, 
Vol.  IL  p.  337).  Pig.  100  shows  a  still  seen  from  above ;  fig.  101, 
in  front ;  fig.  103  a  section  through  A  B,  and  fig.  103  a  section 
through  C  J),  of  the  plan,  fig.  100.    The  stills  are  built  of  Bags  of 
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Fig,  104. 


Fi^.  105. 
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Fig.  106. 


siliceous  sandstone  from  Halifax^  in  Yorkshire^  Felling^on-Tyne^ 
&c.  If  the  stone  is  at  all  porous^  it  is  first  boiled  in  tar ;  or  the 
stilly  after  being  put  together^  is  filled  with  tar^  and  this  is  boiled 
for  some  time  by  means  of  steam.  Stills  made  out  of  a  single 
block  are  occasionally  used^  but  always  of  smaller  dimensions  than 
those  drawn.  In  the  construction  as  shown  in  the  diagrams  the 
joints  of  the  side  flags  with  each  other  and  with  the  bottom  flag 
are  made  tight  by  india-rubber  cord  about  }  inch  thick ;  when 
feather-and-groove  joints  are  employed^  the  well-known  tar-and« 
fireclay  cement  is  used.  The  manner  of  binding  together  the  flags 
by  iron  ties  can  be  seen  from  the  figure ;  this^  as  well  as  all  other 
details  of  construction^  has  been  exactly  described  in  the  case  of 
acid-tanks  (Vol.  II.  /.  c).  The  stills  must  have  a  very  substantial 
foundation^  lest  they  should  settle  down  from  their  weight,  which 
always  causes  leakages.  The  foundation  cannot  be  set  with  lime-> 
mortar,  but  only  with  tar  and  sand.  The  bottom  stone  is  9  to  12 
inches^  the  sides  and  top  are  6  to  8  inches  thick ;  the  top  may 
consist  of  two  pieces.  The  parts  peculiar  to  chlorine-stills  are  as 
follows : — First  a  sandstone  grate  a,  consisting  of  sleepers  placed 
close  together,  as  their  rough  sides  do  not  touch  closely  enough 
to  prevent  the  acid   getting  through ;   this   permits   employing 
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manganese  ore  even  in  the  state  of  fine  powder.  Sometimes  the 
front  sleeper  al  is  placed  upright  as  drawn^  in  order  to  facilitate  the 
circulation  of  the  acid ;  but  then  care  must  be  taken  on  charging 
the  manganese  ore  through  the  man-hole^  lest  any  of  it  fall  over  the 
sleeper  a'.  The  grate  is  pierced  so  as  to  allow  the  passage  of  the 
square  stone  or  stoneware  pipe  c,  of  1-inch  bore,  which  below  the 
grate  has  three  side  openings ;  it  is  joined  on  the  top,  by  cement, 
to  the  lead  pipe  dy  which  beyond  the  cock  e  is  continued  into  an 
iron  steam-pipe,  branching  ofi^  from  the  main  pipe.  The  loop  of 
the  lead  pipe  dy  after  the  steam  is  shut  off,  at  once  fills  with  con- 
densed water,  as  the  cock  e  is  never  quite  tight,  and  thus  preserves 
the  latter  for  some  time  from  corrosion  by  the  chlorine  gas,  which 
rises  up  in  the  steam-pipes  when  the  steam  is  shut  off.  On  starting 
the  steam  again,  the  water  is  blown  off  into  the  still.  But  it  takes 
a  little  time  for  enough  condensed  water  to  collect  to  protect  the 
cock  against  chlorine ;  and  in  the  meantime  the  cock  is  strongly 
acted  upon.  A  complete  cure  for  this  is  afforded  by  the  contrivance 
shown  in  fig.  106.  Here  the  bend  of  the  steam-pipe  is  connected 
by  a  small  leaden  branch  pipe  with  a  lead  box  of  12  inches  square 
and  height,  in  which  water  stands  almost  up  to  the  level  of  the 
bend  of  the  steam-pipe.  The  branch  pipe  is  closed  at  the  end,  up 
to  a  pin-hole,  through  which  in  the  state  of  rest  the  bend  is  filled 
with  water.  On  starting  the  steam  it  blows  the  water  into  the 
still ;  a  little  also  blows  through  the  pin-hole  into  the  water  of  the 
lead  box^  condenses  there,  and  replaces  that  blown  away  before. 
When  the  steam-cock  is  shut,  the  water  instantly  runs  through 
the  pin-hole  back  into  the  bend,  and  protects  the  cock  above  from 
the  chlorine  gas  below.  In  this  way  the  cocks  last  five  or  six 
times  as  long  as  with  the  ordinary  arrangement.  The  hydrochloric 
acid  runs  from  the  main  pipe/,  through  the  branch  and  cock  g^ 
into  the  earthenware  pipe  A,  which  stands  in  a  pot,  so  that  an  acid 
lute  is  formed  and  no  chlorine  gas  can  get  out.  The  opening  n, 
closed  by  a  hydraulic  lute,  serves  for  gauging  the  height  of  the 
acid.  The  chlorine  gas  escapes  through  the  3-inch  earthenware 
pipe  A,  the  connexion  and  disconnexion  of  which  with  the  main 
gas-pipe  0  is  here  effected  by  a  very  simple  apparatus.  The 
pipe  k  is  continued  into  a  Y-shaped  pipe  t,  open  at  the  bottom  and 
standing  in  a  large  earthenware  pot  l\  the  other  limb  oft  is  con« 
nected  by  the  bow  m  with  the  main  pipe  o.  When  water  is 
poured  in«o  the  pot  /  above  the  level  of  the  point  of  junction  of  the 
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two  limbs  of  t  (as  in  fig.  103)^  the  still  is  cut  off  from  the  gas-main, 
and  can  be  cleaned  and  charged;  but  if  the  water  is  partly  run  out 
of  /  by  a  siphon  or  cock^  the  gas  can  pass  through  and  the  still 
communicates  with  the  gas-main.  The  lower  end  of  i  must  always 
be  luted  by  water.  In  the  place  of  this  very  simple  and  efficient 
contrivance  many  others  are  employed,  often  causing  a  loss  of  gas 
in  handling  them.  One  of  the  simplest  and  most  frequent  in 
shown  in  fig.  104.  To  each  branch  pipe  a  there  corresponds,  on 
the  main  pipe  c,  a  Water-lute,  formed  by  two  concentric  rings  of 
4  or  6  inches  depth;  and  a  similar  water-lute  is  also  made  on 
a  itself.  If  the  still  is  to  be  connected  with  the  gas-main,  the 
bow  (  is  put  on;  if  it  is  to  be  cut  off,  the  bow  is  taken  out  and  the 
cap  e  put  on.  Sut  during  this  change  gas  always  comes  out  of 
the  main-pipe.  Another  simple  cut-off,  which  is  not  subject  to 
this  drawback,  is  shown  in  fig.  105.  If  the  still  is  to  be  cut-off, 
water  is  poured  through  the  funnel  into  the  bent  down  portion  of 
the  connecting. pipe  between  the  still  and  the  gas-main,  till  the 
connexion  is  interrupted;  if  it  is  to  be  made  again,  the  water  is 
removed  from  the  pipe  by  pulling  out  the  bottom  plug. 

A  good  arrangement  is  also  that  shown  in  fig.  107 :  a  is  the  pipe 
coming  from  the  still,  b  the  main.  The  bucket  c  is  connected  by 
the  india-rubber  tube  d  with  the  lower  bend  of  the  connecting- 
pipe  e.  In  the  high  position  of  the  bucket,  as  shown  in  the 
diagram,  bend  e  is  sealed  by  water.  If  e  is  lowered  into  the 
position  indicated  by  a  dotted  outline,  the  water  runs  from  e  into  c, 
and  the  way  from  a  to  6  is  free. 

Figs.  100  and  102  also  show  the  discharging-hole  p  for  the 
manganese-liquor,  which  is  always  mixed  with  much  mud. 
Ordinary  cocks  or  yalves  are  not  applicable  here,  for  reasons 
easily  understood.  The  discharging-hole  has  the  shape  of  a 
D  lying  on  its  side,  and  goes  down  to  the  bottom,  which  is 
sometimes  inclined  towards  it ;  it  is  closed  by  a  plug  o(  wood 
wrapped  round  with  brown  paper  and  driven  in  with  a  hammer^; 
but  in  the  drawing  another  kind  of  fastening  is  indicated,  viz.  a 
lath  r  reaching  down  between  the  tie-rods  and  the  stone,  which 
squeezes  the  plug  against  the  hole  p.  These  running-off  holes 
are  a  great  nuisance ;  they  might  be  closed  much  more  safely, 
e.  g.  in  the  way  shown  in  fig.  98,  or  still  more  so  in  that  to  be 
described  for  Weldon^s  stills;  but  that  is  not  quite  so  easy  here, 
because  they  have  to  be  very  frequently  opened  (every  24  or  48 
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hours).  But  it  might  be  arranged  to  employ  a  large  stonevare 
cock,  say  3-inch  bore,  as  in  the  Weldon  stills,  for  daily  use,  and 
a  man-hole  only  to  be  opened  now  and  then.     Sometimes  the 
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pressure  witliin  the  still  forces  out  the  plug  and  vith  it  all  the 
contents  of  the  still.  In  order  to  catch  the  liquor  violently  shoot- 
ing out  in  this  case,  and  also  in  the  ordinary  dischargiDg,  the  stills 
are  placed  in  tvo  rows,  between  which  muB  a  gutter  for  the  liquor; 
in  front  of  the  stills  a  pavement  is  made  of  tightly-joined  flags, 
with  considerable  descent  to  a  gutter  in  the  middle.  The  latter  is 
either  made  of  long  hollowed-out  atones,  or,  as  it  is  very  difficult 
to  keep  the  joints  tight  against  the  hot  acid  liquor,  it  consists  of  a 
single  lai^e  balk  scooped  out  in  the  shape  of  a  gutter.  If  several 
such  balks  are  to  be  connected  lengthways  (and  the  same  holds 
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good  of  the  joints  of  stone  gutters)^  the  joints  are  half -lapped  and 
made  as  tight  as  possible  with  hard  pitchy  &c.  The  balks  are  made 
of  American  pitch-pine^  2  feet  thick  and  50  to  60  feet  long^  with 
a  12-inch  gutter  scooped  out;  they  are  laid  with  sufficient  fall  to 
convey  the  liquor  quickly  into  the  mud- well,  where  the  clear 
liquor  is  separated  from  the  mud.  In  order  to  be  quite  safe 
against  any  leakage  through  the  gutters,  which  unavoidably  causes 
settlings  and  leakages  of  the  stills,  and  may  even  damage  the 
stability  of  the  building,  sometimes  an  inverted  arch  of  fire-bricks 
set  in  tar  and  fireclay  is  made  underneath  the  gutters.  All  this 
is  saved  when  the  stills  only  serve  for  working  the  manganese  ore 
destined  for  replacing  the  unavoidable  loss  in  the  Weldon  process; 
for  then  they  are  placed  at  a  suitable  height  to  run  their  contents 
straight  into  the  Weldon  still  by  means  of  a  8-inch  stoneware 
pipe  and  cock. 

Exceptionally,  stills  are  provided  with  a  jacket  of  stone  or  brick- 
work, in  order  to  heat  them  by  steam  from  without  and  save  some 
of  the  steaming  within.  The  latter  cannot  be  avoided  entirely,  be- 
cause the  heating  through  the  6  inches  of  stone  is  never  sufficient; 
but  the  outside  heating  goes  some  way,  and  prevents  to  some  extent 
the  dilution  of  acid  by  condensed  steam;  but,  on  the  other  hand, 
cracks  and  leaks  of  the  inner  still  are  only  perceived  when  they 
have  gone  very  far  and  are  difficult  to  repair.  This  also  holds 
good  of  a  brick  jacket  with  a  layer  of  puddled  clay  between  it  and 
the  still  for  the  purpose  of  preventing  the  radiation  of  heat  and 
making  any  leakages  harmless.  They  really  do  not  do  this;  for 
the  jacket  itself,  whenever  the  acid  gets  to  it,  is  soon  perforated, 
and  then  only  prevents  the  discovery  of  the  leak. 

All  parts  of  the  still,  wood,  iron,  lead,  or  stone,  are  well  painted 
with  coal-tar,  and  this  paint  is  frequently  renewed ;  otherwise  they 
are  soon  wasted  away,  more  especially  the  ironwork. 

On  laying  out  a  factory,  attention  must  be  paid  to  giving  fall  to 
the  hydrochloric  acid  from  the  condensers,  or  from  the  acid  tanks, 
to  the  main  pipe  /  and  thence  to  each  still.  The  acid-pipes  are 
made  of  stoneware,  joined  by  sockets  and  cemented  with  tar  and 
china'clay  or  boiled  oil  and  pipeclay.  Very  suitable,  indeed,  is  the 
arrangement  described  in  Vol.  II.  p.  414,  consisting  of  an  india* 
rubber  ring  round  the  pipe  within  the  socket,  instead  of  cement. 
The  pumping  of  hydrochloric  acid  is  avoided  whenever  possible ; 
the  contrivances,  serving  for  this  purpose  are  described  in  Vol.  II. 
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p.  401  et  seq.     Only  at  veiy  smiEtll  works  is  it  possible  to  collect 
the  acid  in  carboys  and  charge  it  by  hand  into  the  stills. 

Stills  made  of  stoneware  were  tormeTlj  very  generally  employed, 
and  are  so  even  now  in  bleach-works  and  paper-mills  bleachiug 
by  gas;  in  France  they  are  found  even  at  very  large  works. 
If  they  are  to  be  at  all  serviceable,  the  greatest  care  must  be 
taken  in  selecting  the  clay  and  manufacturing  them,  even  more 
so  than  for  hydrochloric-acid  receivers ;  and  the  remarks  made 
in  Vol.  II.  p.  342  hold  good  even  more  absolutely  in  this  case. 
They  are  made  of  various  shapes.  That  shown  in  fig.  108  is 
intended  for  manganese  in  lumps,  which  is  charged  after  lifting 
off  the  top  a  Of  resting  in  a  water-lute;  b  is  the  acid- funnel,  c  the 
water-lute  for  the  gas-pipe.  The  shape  most  usual  in  France  and 
partly  in  Germany  is  shown  in  figs.  109  and  110 :  they  hold  about 
45  gallons.  The  two  smaller  necks  serve  for  introducing  the  acid 
and  taking  away  the  gas;  the  large  central  opening  serves  for 
suspending  the  stoneware  sieve,  which  is  covered  by  the  lid  A; 
The  wash  liquor  is  siphoned  ofl*  through  one  of  the  small  necks. 
The  holes  in  its  lower  part  are  of  about  §  inch  diameter ;  in  the 
upper  part  there  are  two  larger  holes  for  lifting  out  the  whole 
sieve  by  means  of  specially  shaped  tongs.  The  sieve  is  filled  with 
about  1  cwt.  of  manganese  ore  in  small  pieces ;  mostly  the  acid  has 
already  been  poured  into  the  jar;  and  the  sieve  is  now  suspended 
and  the  lid  put  on  immediately  and  made  tight  by  clay,  boiled  oil, 
and  Stockholm  tar.  These  jars  are  always  heated  from  without, 
four  or  eight  of  them  being  placed  in  a  wooden  box  lined  with  lead 
or  a  box  made  of  bricks  set  in  cement;  this  acts  as  a  water- bath, 
heated  by  steamy  or  it  is  filled  with  a  calcium-chloride  solution 
and  heated  by  a  steam-coil ;  or  the  box  is  left  empty  and  the  steam 
heats  the  jars  directly.  At  the  end  of  the  operation  the  still- 
liquor  is  drawn  off  by  a  siphon,  or  by  a  discharge*pipe  passing 
through  the  steam-jacket.  These  small  stills  in  proportion  to  their 
turn-out  require  much  manual  labour;  but  they  are  cheaper  than 
stone  stills,  and  give  a  very  good  yield  of  chlorine  from  the  acid, 
as  this  is  not  at  all  dilated  by  steam.  The  usual  charge  of  acid  is 
about  3  cwt. ;  there  should  always  be  some  manganese  left  behind 
so  as  to  waste  as  little  acid  as  possible.  In  such  stills  only 
j6  to  10  per  cent,  of  the  acid  is  lost  in  the  still-liquor,  against 
80  to  50  per  cent,  in  stone  stills;  hence  where  hydrochloric 
acid  is  valuable,  the  stoneware  stills  pay  better^  in  spite  of  the 
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increased  labour.  In  the  south  of  France  they  have  replaced 
the  former  stone  stills  (Ballard, '  Rappoi-t  du  Jury  International,' 
1868,  vii.  p.  48) ;  but  there  are  also  examples  of  the  contmry, 
especially  in  Germany. 

Fig.  Ill  shows  such  an  eartbenvare  still  of  a  capacity  of  75 
gallons,  placed  in  a  wooden  trough  serving  as  a  steam-bath. 


Fig.  Ul. 


Count  Montgelas  (Engl.  pat.  10009,  1886)  describes  a  chlorine- 
still  for  small  factories,  which  contains  nothing  but  generally 
known  features. 

An  excellent  kind  of  chlorine-still,  which  I  can  recommend 
very  much  for  use  at  such  works  where  chlorine  must  be  made  and 
consumed  on  the  spot  (not,  of  course,  for  commercial  bleach  or 
chlorates),  is  that  shown  in  iig.  112.  It  can  be  made  considerably 
larger  than  the  earthenware  stills  made  in  one  piece.  An  earthen- 
ware cylinder  a,  open  at  the  top,  is  provided  with  a  false  bottom  b 
and  a  discharge-pipe  c.     It  is  covered  by  a  bell  d,  which  is  usually 
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made  of  lead,  but  might  also  be  made  of  stoneware ;  this  bell  is 
suspended  by  the  chains  e  c  on  pulleys,  with  balance-weights,  and 


is  therefore  easily  moved  up  or  down.  The  cover  of  d  is  provided 
with  the  acid-funnel  P  and  the  gas-pipe  g.  The  whole  stands  in  a 
wooden  tub  h,  tliree  quarters  filled  with  water,  which  can  be  heated 
by  means  of  the  steam-pipe  t.  This  water  serves  both  as  a  heating 
bath  and  as  a  hydraulic  seal  for  the  bell  d.  As  the  joint  between  d 
and  the  edge  of  the  stoneware  cylinder  is  provided  with  an  india- 
rubber  ring,  very  little  chlorine  can  get  into  the  water  outside; 
but  as  this  water  is  heated,  it  will  not  dissolve  the  chlorine.  The 
charging  with  manganese  ore  and  discharging  of  the  insoluble 
residue  is  done  after  raising  the  bell  d. 

The  pipes  tor  conducting  chlorine  gas  are  usually  made  of  lead, 
hut  may  just  as  well  be  stoneware  if  they  are  joined  by  a  perma- 
nently somewhat  soft  and  elastic  cement ;  in  this  respect  oil-cements 
are  better  than  tar  and  tireclay.  The  pi(>es  ought  to  be  long 
enough  to  cool  the  gas,  and  to  condense  any  steam  and  HCL 
carried  along  before  the  gas  gets  into  the  hi  each -chambers.  They 
are  made  to  descend  towards  a  collector  of  stoneware  or  lead 
placed  near  the  chambers,  from  which  the  condensed  acid  water 
runs  off,  either  from  time  to  time  or  continuously,  through  a 
awan-neck  pipe.    Sometimes  these  collectors  are  filled  with  miui> 
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ganese  ore  (but  never  with  limestone  I)  •  In  colder  climates  the 
pipes  should  be  protected  by  a  light  roof  to  save  them  from  being 
cooled  down  too  much  in  winter;  otherwise  they  may  become 
plugged  up  by  the  formation  of  chlorine  hydrate  (p.  264).  Leaden 
pipes  must  be  so  laid  that  they  may  expand  and  contract  with  the 
changes  of  temperature. 

The  work  that  goes  on  with  the  large  stone  stills  is  as  follows : — 
The  still,  properly  cleaned  from  the  previous  operation  by  lifting 
off  the  grates  and  rinsing  it  out  with  water,  is  put  right  again  by 
stopping  up  the  discharge-holes  and  putting  in  the  grate-sleepers. 
It  is  then  charged  with  the  requisite  quantity  of  manganese;  say 
6  to  10  cwt.,  according  to  its  size.  The  manganese  ought  to  be  in 
pieces  not  exceeding  the  size  of  a  hen's  ^g^,  and  less.  The  man- 
hole lid  is  put  on  and  the  joint  made  good  with  wet  clay.  This, 
unless  it  is  always  kept  moist,  cracks  and  allows  gas  to  escape ;  it 
must  consequently  be  watered  from  time  to  time,  as  well  as  all 
other  clay  joints  and  water  lutes ;  and  for  this  purpose  no  still- 
house  ought  to  be  without  a  water-pipe  and  hose  long  enough  to 
reach  every  still.  A  better  cement,  but  dearer,  is  made  of  pipeclay 
and  boiled  oil,  which  is  generally  used  only  for  permanent  joints. 
Tar  and  fireclay  is  not  very  suitable  for  this  purpose,  as  it  becomes 
too  hard.  Then  hydrochloric  acid  is  run  in  till  the  still  is  three 
quarters  full,  which  is  tested  by  a  gauge-rod  through  the  hole 
provided  for  this  purpose.  At  first  the  acid  is  run  in  quickly,  but 
afterwards,  when  more  chlorine  is  being  evolved,  more  slowly;  so 
that  it  takes  several  hours  before  the  still  has  got  its  charge  of 
acid.  The  evolution  of  chlorine  begins  at  once,  without  applying 
any  heat,  and  the  more  briskly  the  more  concentrated  the  acid  is. 
The  concentration  should  be  as  high  as  possible;  for  as  the  loss  of 
HCl  in  still-liquors  is  to  a  great  extent  connected  with  their  bulk, 
a  certain  bulk  of  still-liquor  always  containing  about  an  equal 
quantity  of  free  acid,  much  less  acid  is  lost  if  it  was  originally 
concentrated  than  if  it  was  weak.  This  proportion  becomes  still 
more  unfavourable  for  weak  acid  from  the  fact  that  with  the  latter 
more  steam  must  be  blown  in,  which  again  dilutes  the  liquor  with 
condensed  water.  The  lowest  strength  of  acid  allowable  for 
chlorine-making  is  18°  Tw. ;  but  at  this  strength  about  50  per  cent, 
of  the  acid  is  found  in  the  still-liquor,  whilst  factories  working 
with  acid  of  30-34°  Tw.  only  lose  from  25  to  30  per  cent.,  and 
still  less  with  indirect  heating  (comp.  p.  281).    It  is  true  that  this 
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loss  is  not  of  any  great  importance  when  the  still-liquor  is  first 
passed  through  a  Weldon  still,  where  its  free  acid  is  utilized  in 
the  end. 

The  evolution  of  chlorine  continues  for  some  time^  say  8  or  12 
hours,  without  any  heat  being  applied ;  but  after  that,  to  supply 
the  necessary  heat^  steam  is  usually  blown  in.  This  is  done  at 
intervals,  seldom  continuously,  because  the  temperature  would  be 
apt  to  rise  too  much.  On  the  Tyne  it  is  a  common  rule  to  steam 
for  ten  minutes  every  hour.  Care  is  required  lest  by  too  violent 
an  evolution  of  gas  the  water  be  thrown  out  of  the  lutes  and  the 
gas  escape  from  all  the  joints  of  the  stills^  pip^s,  and  chambers. 
Hence  the  stills  should  not  all  be  steamed  at  the  same  time,  but 
alternately — a.  g.^  in  a  set  of  12  stills,  two  at  a  time  for  10  minutes, 
so  that  the  turn  of  the  first  two  comes  round  again  an  hour  after. 
Steaming  in  excess  moreover  causes  much  water  and  HCl  to 
get  into  the  gas-main,  and,  in  spite  of  collectors,  also  into  the 
chambers;  and  thus  a  single  mistake  of  this  kind  may  spoil  a 
whole  chamberful  of  bleach,  or  at  least  prevent  it  from  getting 
up  to  full  strength.  At  the  same  time  such  neglect  creates  an 
intolerable  nuisance  to  the  whole  neighbourhood,  and  that  in  a 
far  higher  degree  than  any  escape  of  hydrochloric,  nitrous,  or  sul- 
phurous acid. 

By  the  successive  steamings  the  temperature  of  the  contents  of 
the  still  gradually  increases ;  but  it  ought  never  to  exceed  90°  C, 
because  otherwise  too  much  water  and  HCl  escape.  When  the 
.gas  has  been  driven  off  as  much  as  possible,  the  steaming  is  stopped, 
the  bottom  plug  is  knocked  out,  and  the  still  then  empties  itself 
in  a  few  minutes.  This  is  done  once  in  24,  36,  or  48  hours ;  the 
longer  the  contents  of  a  still  can  be  kept  in,  t.  e.  the  more  still- 
room  is  provided,  the  more  chlorine  will  be  got  from  a  certain 
quantity  of  acid,  and  the  less  free  chlorine  will  be  present  in  the 
«till-liquor.  Nevertheless  there  is  always  enough  chlorine  present  to 
produce  a  fearfully  suffocating  stench  on  discharging  the  hot  still- 
liquor.  Hence  in  many  works  this  operation  used  to  be  performed 
between  three  and  four  o^clock  in  the  morning,  when  there  is  least 
life  stirring  in  the  streets  and  houses — certainly  a  very  unsatis- 
factory evasion  of  the  diflSculty.  Some«other,'plans  have  been  tried« 
^.  g.  covering  with  boards  the  gutter  and  the  mud-well  into  which 
the  liquor  first  runs,  and  drawing  off  the  gas  into  a  brick  tower  fed 
<with  milk  of  lime.    This  is  a  considerable  step  in  advance,  but  not 
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quite  sufiScient.  There  still  remains  the  enormous  contamination 
of  all  sewers,  watercourses,  &c.  into  which  the  still-liquor  runs* 
All  this  is  avoided  in  the  Weldon  process,  where  by  suitably 
placing  the  stills  the  acid  stiQ-Uquor  is  run  immediately  into 
the  large  mud-stills  and  does  not  come  into  contact  with  the 
atmosphere. 

Frequently  the  manganese  ore  is  not  all  decomposed  in  one  operar 
tion;  in  this  case,  after  opening  the  man-hole,  about  half  the  usual 
charge  of  manganese  is  put  in,  and  the  still  cleaned  out  only  after 
the  second  operation.  This  is  especially  necessary  with  the  harder 
descriptions  of  ore. 

In  the  chlorine-stills  the  first  reaction  is  (p.  282)  : 

MnO, + 4HC1 = MnCU  +  2H2O. 

The  perchloride,  MnCl^,  which  yields  a  dark  brown  solution,  i» 
not  stable  even  at  the  ordinary  temperature,  and  quickly  decom* 
poses  into  MnCl2  +  2Cl;  but  this  decomposition  is  only  completed 
at  a  little  below  100°  C.  Accordingly,  for  100  parts  of  pure 
MnOs;  or  an  equivalent  quantity  of  manganese  ore,  almost  exactly 
170  dry  HCl  or  about  530  acid  of  32°  Tw.  ought  to  be  consumed; 
actually  at  least  10  per  cent.,  frequently  100  per  cent,  more  are 
used,  for  the  reason  above  given : — i.  e.  the  maximum  with  hard 
and  low  strength  manganese,  weak  acid,  and  direct  steaming;  the 
minimum  under  the  reverse  conditions  (pp.  281  and  304). 

The  stilUUquor  must  be  daily  tested  for  free  acid.  This  can  be 
done  with  sufficient  accuracy  by  titrating  a  sample  with  standard 
soda  solution  and  taking  as  the  end  of  the  reaction  the  occurrence 
of  flakes  of  ferric  hydroxide  which  do  not  dissolve  on  agitation. 
In  earthenware  stills  heated  from  the  outside  it  is  possible,  with 
prolonged  heating,  to  go  down  to  5  per  cent.  HCl  in  the  liquor. 
In  ordinary  stone  stills,  heated  by  open  steam,  6  per  cent.  HCl  is 
excellent  work,  but  8  to  10  per  cent,  is  not  unf requently  met  with. 

Drying  and  Purifying  the  Chlorine  Gas. 

In  the  ordinary  manufacture  the  chlorine  gas  is  only  partially 
freed  from  water  by  means  of  long  pipes  (p.  303),  but  it  is  not 
directly  dried.  This  cannot  be  avoided  in  the  Deacon  process^  as 
we  shall  see  in  the  chapter  dealing  with  it.  In  some  special  cases 
the  gas  must  be  dried  even  more  carefully  than  is  required  in  the 
Deacon  process ;  e.  g.,  when  it  is  employed  for  the  manufacture  of 
anhydrous  tin  perchloride  or  of  liquefied  chlorine.    For  this  object- 
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it  is  passed  through  a  coke-tower  fed  with  strong  sulphuric  acid^ 
or  through  a  Lunge-Rohrman  plate-tower  (Vol.  II.  p.  382). 

In  recent  years  the  chlorine  gas  has  been  more  carefully  dried 
than  was  formerly  usual^  even  for  the  manufacture  of  bleaching, 
powder^  and  this  is  decidedly  rational^  as  will  be  seen  later  on  from 
my  experiments.  If  this  cannot  be  done  by  sufficient  air*cooling, 
it  is  achieved  by  cooling  the  pipes  from  without  by  a  stream  of 
water. 

Purifying  chlorine. — ^Weldon  (patent  No.  2693^  1871)  proposes 
purifying  the  chlorine  gas  by  a  mixture  of  magnesium  chloride 
and  quicklime  or  by  common  salt.  Hargreaves  (pat.  No.  3192, 
1871)  proposes  to  deprive  it  of  HCl  by  lime,  magnesia,  or  man* 
ganese  ore  (the  latter  had  been  employed  long  before,  comp.  p.  303), 
or  to  make  an  impure  bleaching-powder  and  obtain  pure  chlorine 
by  decomposing  that.  Neither  of  these  processes  seems  adapted 
for  the  ordinary  manufacture  of  chlorine,  but  only  for  that  obtained 
in  a  dilute  state  and  containing  much  acid. 

Hie  concentration  of  dilute  chlorine  gas  has  been  frequently 
proposed,  usually  by  passing  it  through  a  milk  of  calcium  or 
magnesium  carbonate,  in  which  case  first  hypochlorous  acid  and 
then  free  chlorine  is  formed;  sometimes  even  by  absorbing  the  gas 
in  milk  of  Ume  and  setting  it  again  free  by  dilute  hydrochloric 
acid.  This  has  formed  the  subject  of  various  patents,  e.  g.  Har- 
greaves (No.  3192,  1871);  Weldon  (662  &  2044,  1872;  2449, 
1878);  Deacon  (3309,  1872). 

Loesner  (Germ.  pat.  No.  82437)  prescribes  obtaining  strong 
chlorine  from  dilute  gases  by  absorbing  it  in  liquid  organic 
substances,  preferably  ortho-nitrotoluene,  which  at  the  ordinary 
pressure  absorbs  up  to  11  per  cent,  chlorine,  and  gives  it  off  again 
at  a  higher  temperature  or  under  diminished  pressure.  It  is 
unnecessary  to  employ  pure  ortho-nitrotoluene ;  a  mixture  of  the 
isomeric  nitrotoluenes  will  effect  the  purpose. 

Chlorine  hydrate,  according  to  Heinzerling  and  Scbmid  (G^rm. 
pat.  45620),  is  obtained  from  dilute  chlorine  by  passing  it  into 
water  cooled  down  to  0°  C,  or  into  cooled  solution  of  NaCl,  &c. 
The  solid  chlorine  hydrate  is  separated  from  the  solution,  and  by 
beating  it  strong  pure  chlorine  is  obtained. 


Liquefied  Chlorine. 

Since  chlorine  gas  is  condensed  to  a  liquid  by  cooling  down  to 
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—34°,  or  at  ordinary  temperatures  by  a  pressure  of  about 
6  atmospheres,  and  since  the  fact  has  been  long  known  and 
technically  applied  that  dry  chlorine  does  not  act  upon  iron,  the 
possibility  of  obtaining  liquid  chlorine  by  cooling  or  compression 
and  of  sending  it  out  in  iron  bottles  could  never  be  doubted. 
Considerable  time  elapsed,  however,  even  after  other  liquefied 
gases,  especially  carbon  chloride  and  sulphur  dioxide  (Vol.  I. 
p.  289),  had  become  articles  of  commerce  on  a  large  scale,  before 
manufacturers  dared  to  treat  chlorine  in  the  same  way,  dreading 
its  fearfully  suffocating  properties  and  its  corrosive  action,  which 
is  at  once  manifested  in  the  presence  of  moisture. 

Already  the  invention  of  bleaching-powder,  as  we  shall  see,  had 
the  object  and  effect  of  converting  chlorine  into  a  form  in  which  it 
can  be  carried  to  a  distance;  1  vol.  of  bleaching-powder  giving 
out  more  than  100  vols,  of  chlorine.     Thus  this  powerful  agent 
could  be  employed  at  a  great  distance  from  those  localities  whieh 
had  the  monopoly  of  its  economical  manufacture,  viz.  saltcake  and 
Leblanc-soda  works.    But  bleaching-powder  can  only  in  those  cases 
be  employed  as  a  carrier  of  chlorine  to  distant  parts  where  the 
action  it  is  to  fulfil  can  be  brought  about  by  the  bleaching-powder 
itself,  or  by  the  assistance  of  the  carbonic  acid  always  present  in  the 
atmosphere.    Whenever  it  is  necessary  to  liberate  the  chlorine  from 
bleaching-powder  by  an  acid  which  itself  must  be  bought  and  carried 
for  a  long  distance  (only  sulphuric  and  hydrochloric  acids  can  be 
thought  of  here),  this  operation  is  mostly  much  more  expensive 
than  the  evolution  of  chlorine  by  means  of  manganese  ore,  and  it 
can  hardly  ever  be  carried  out  for  industrial  purposes.     Least  of 
all  can  it  be  thought  of  in  countries  very  far  removed  from  the 
industrial  centres,  where  the  acids  can  no  more  be  manufactured 
than  the  chlorine  itself,  e.  g,  for  the  gold  extraction  in  South 
Africa.     To  provide  for  such  cases,  and  also  in  more  industrial 
countries   in    cases    where    comparatively    small    quantities    of 
chlorine  have  to  be  employed,  has  been  the  object  of  the  new 
industry   of   liquefying    chlorine  and   sending   it    out    in   iron 
bottles,  400  volumes  of  chlorine  gas  being  condensed  to  1  volume 
of  liquid. 

Vautin  (Engl.  pat.  8820,  1887)  liquefies  chlorine  by  filling  a 
receiver,  made  of  a  material  resisting  the  chlorine,  with  that 
gas  and  forcing  air  into  it,  until  the  chlorine  is  liquefied  by 
compression. 
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Heinzerling  (Germ.  pat.  49280)  liquefies  the  gas  by  cooling 
down  to  —  SO""  or  —50°. 

Hannay  (Oerm.  pat.  49742)  makes  liquid  chlorine  from  chlorine 
hydrate  (pp.  264^  S07),  which  is  heated  in  a  closed  funnel-shaped 
lead-lined  vessel^  where  the  water  separates  from  the  liquid  chlorine j 
the  latter  collects  in  the  contracted  lower  parts^  where  it  percolates 
through  strong  sulphuric  acid  (for  the  purpose  of  drying  it)  and 
then  runs  into  the  iron  stock-bottles. 

The  patent  of  the  Badische  Anilin-  and  Soda-Fabrik^  which  has 
been  the  first  to  manufacture  this  article  on  a  large  scale  (No.  13070^ 
1888)^  shows  two  different  apparatus.  In  one  of  these^  fig.  113^ 
two  vessels^  A  and  B^  are  connected  at  the  lower  portion.  B  and 
the  lower  portion  of  A  are  filled  with  sulphuric  acid  (in  which 
chlorine  is  hardly  soluble)^  the  upper  portion  of  A  with  petroleum, 
which  floats  on  the  acid  and  reduces  its  effect  on  the  working 
pmrts  to  a  minimum.  In  order  to  fill  B  with  dry  chlorine  gas^ 
valye/is  shut  and^  and  d  are  opened.  After  fillings  g  and  d  are 
shut^  /  is  opened^  and  petroleum  is  forced  from  D  by  means  of  a 
pump  into  A.  During  the  compression^  B  is  heated  by  a  water- 
bath  to  50-80°  C.^  to  prevent  any  liquid  chlorine  from  depositing 
there  or  from  being  absorbed  by  the  sulphuric  acid.  From 
vessel  B  the  chlorine  is  forced  by  the  dome  E  and  the  cooling- 
worm  K  into  the  pressure-pot  L^  where  it  liquefies.  A  liquor- 
gauge  on  E  admits  of  observing  the  level  of  the  sulphuric  acid  in 
the  dome.  When  it  has  gone  up  as  high  as  possible^  /  is  shut^  ff 
and  d  are  opened^  and  a  new  charge  is  commenced. 

In  the  second  apparatus,  fig.  114,  there  is  a  U-shaped  vessel^  in 
the  left  leg  of  which  a  plunger  a  works  in  petroleum  c,  shut  off  by 
sulphuric  acid,  which  fills  the  remaining  space  d,  e,  f  of  the 
U-shaped  vessel.  At  the  point  of  contact  of  both  liquids  the 
vessel  is  widened  out,  in  order  to  reduce  the  vertical  motion  of  the 
plane  of  contact  and  thus  to  avoid  the  formation  of  emulsions. 
The  right  leg/  communicates  with  space  m  by  a  valve  k  and  a 
perforation  /,  adjustable  by  valve  p.  Space  m  possesses  the  liquor, 
gauge  n  and  the  pipe  o,  through  which  the  compressed  chlorine 
finds  its  way  into  the  cooling-worm  K  and  the  pot  L.  In  /  there 
is  also  a  pipe  h  with  valve  i,  by  which  on  the  rising  of  the 
plunger  a  dry  chlorine  is  aspirated  into  /.  /  is  heated  to  50-80^ 
by  the  water-bath  g.  On  the  rising  of  the  plunger  a,  chlorine  is 
drajni  in  through  h  and  i,  on  its  descending  it  is  forced  through  k 
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into  m.  If  in  this  action  even  a  small  babble  of  gas  were  to 
remain  inf,  this  would  on  the  rising  of  plunger  a  produce  a  large 
dead  space^  since  the  chlorine  has  to  be  compressed  to  ^,  For 
this  purpose  the  perforation  /  is  arranged;  at  each  diminution  of 
the  pressure  in  /  a  little  sulphuric  add  from  m  enters  into  /  and 
causes  a  little  less  chlorine  to  be  aspirated  than  corresponds  to  the 
play  of  a.  In  consequence  of  this^  on  the  descent  of  a  not  merely 
all  the  chlorine  is  forced  into  m,  but  also  the  same  quantity  of 
sulphuric  acid  as  had  previously  come  in  through  /  into  /. 
Valve  p  is  regulated  according  to  the  level  of  the  liquid  in  m. 

The  following  metals  are  not  acted  upon  by  dry  chlorine,  either 
by  itself  or  in  contact  with  concentrated  sulphuric  acid:  cast-iron, 
wrought-iron,  steely  phosphorus  bronze^  brass,  copper,  zinc,  lead. 
Vessels  A  and  B  are  made  of  wrought-iron,  pot  L  of  steel,  worm  K 
of  copper,  valves /and  ff  of  phosphorus  bronze,  the  packings  for 
the  flanges  and  valve-rods  of  lead,  india-rubber,  and  asbestos. 

For  storing  and  carrying  the  liquid  chlorine,  strong  iron  or  steel 
Tcssels  are  employed,  which  may  be  provided  with  alining  of  lead, 
<x>pper,  or  brass,  to  protect  them  against  corrosion  in  the  case  of 
any  moisture  entering.  The  protection  of  the  moving  parts  and 
of  those  in  contact  with  air  is  obtained  by  petroleum  purified 
with  sulphuric  acid,  petroleum  spirit  or  melted  vaseline  (comp. 
below). 

Marx  (Engl.  pat.  7058,  1890)  prepares  liquid  chlorine  as 
follows : — Chlorine  gas  of  sufficient  strength  is  introduced  into  an 
outwardly  cooled  cylinder,  into  which  a  jet  of  cold  water,  prefer- 
ably a  solution  of  salt,  is  injected ;  solid  chlorine  hydrate  is  thus 
formed.  This  deposits  on  a  perforated  false  bottom,  from  which 
the  excess  of  water  can  run  away.  When  sufficient  chlorine 
hydrate  has  accumulated,  the  chlorine  gas  and  water  are  shut  off, 
and  water,  heated  to  25^  or  30^  (or  else  steam,  but  not  by  pre- 
ference), is  passed  through  in  a  closed  coil.  The  heat  liberates 
from  the  hydrate  pure  chlorine,  whieh  is  again  cooled  in  an  out- 
wardly cooled  cylinder;  here  the  steam  carried  away  condenses  as 
ohlorine  hydrate.  The  dry  chlorine  is  now  condensed  to  a  liquid 
by  pressure,  and  further  cooling  in  the  iron  stock-bottles  them- 
selves, without  any  pumping.  The  patent  also  shows  an  arrange- 
ment for  transferring  the  liquid  from  the  iron  stock-bottles  into 
Tessels  made  of  a  material  of  greater  chemical  resistance,  con- 
sisting of  a  metallic  shell  with  glass  lining,  the  latter  being  firmly 
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pressed  against  the  former  by  means  of  a  plastic  layer  of  boiled 
linseed  oil,  ^tta-percha,  india-rubber,  or  the  like. 

Cutten  (Engl.  pat.  89, 1892)  thoroughly  dries  the  chlorine,  first 
by  outward  water-cooling,  then  by  calcium  chloride,  and  at  last 
by  sulphuric  acid;  it  is  then  compressed  by  means  of  a  pump  in 
steel  vessels  to  four  atmospheres ;  the  heat  generated  thereby  is 
carried  away  by  cold-water  coUs  lying  in  the  liquid  chlorine. 
Uncondensed  air,  &c.,  escapes  through  a  safety-valve. 

The  German  works  send  out  the  chlorine  in  iron  bottles  (called 
''Bom  bend's  shells),  tested  for  a  pressure  of  50  atmospheres,  and 
containing  60  kilogrammes  chlorine.  They  are  4  ft.  4  in.  long, 
8^  in.  wide,  and  made  of  0*4  inch  plate,  with  two  valves,  from 
which  the  chlorine  can  be  taken,  either  as  a  gas  or  in  the  liquid 
form.  Hasenclever  (Chem.  Ind.  1893,  p.  37«3)  gives  a  drawiug 
and  description  of  these ;  they  are  similar  to  those  shown  Vol.  I. 
p.  295  in  connection  with  liquid  sulphur  dioxide,  but  different  in 
some  details. 
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CHAPTER  XVII. 

THE  UTILIZATION  OF  STILL-LIQUOR. 

The  ''still-liquor^'  produced  in  the  ordinary  chlorine-manufac- 
turing process  contains  chiefly  manganous  chloride^  together  with 
ferric  chloride  and  the  chlorides  of  any  other  metals  occurring 
in  the  manganese  ore^  and  also  a  considerable  quantity  of  free 
hydrochloric  acid  and  free  chlorine.  The  liquor  at  Dieuze  had, 
according  to  Hofmann,  the  following  average  composition : — 

Manganous  chloride.... 22*00 

Ferric                „      5*50 

Barium               „      1*06 

Free  chlorine 0*09 

Hydrochloric  acid 6*80 

Water    6455 


10000 

Black  (Transactions  of  the  Tyne  Social  Chemical  Society)  gives 
the  following  analysis  of  still-liquor  obtained  with  native  man- 
ganese : — 

HCl  6-6220  =  6-622  per  cent.  HCl. 

AljCle    0-6200  =  0-500        „  „ 

MnClj  10-5700  =  6120        „  „ 

FejClfl   0-4551  =  0-310        „  „ 

HaO 81-7329 


100-0000     13-552 

Hence,  of  13*552  HCl  found,  only  6*120,  i.  e.  45  per  cent.,  was 
combined  with  manganese.  NoWj  even  if  all  the  Mn  had  been 
originally  present   as  MnOs,  only  an  equal  quantity  (6*120)  of 
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HCl  had  escaped  as  chlorine  ;  so  that  the  total  HCl  originally 
employed  amounted  to  19*672.  Accordingly  the  HCl  usefully 
employed  was  only  62*2^  that  combined  ¥dth  iron  and  aluminium 
4']^  and  that  found  free  33*6  per  cent,  of  the  whole. 

The  acid  still-liquor  has  always  been  a  source  of  great  embar- 
rassment to  the  producers  of  chlorine.  On  running-off  the  stills 
it  causes  a  fearfully  suffocating  smell  of  chlorine^  which  in  the 
case  of  large  quantities  is  perceptible  at  distances  of  half  a  mile 
and  upwards ;  in  the  watercourses  into  which  it  is  discharged  it 
destroys  all  fish^  it  damages  the  foundations  of  buildings^  quays, 
and  bridges^  &c.  Moreover  all  manganese  contained  in  it  is  lost. 
Hence  very  many  proposals  have  been  made  for  utilizing  the  still- 
liquors^  partly  only  with  a  view  to  employing  the  free  acid,  partly 
for  making  the  manganese  available  in  some  shape,  and  partly  for 
regenerating  Mn02  from  them. 

The  latter  are  of  much  greater  importance  than  the  former. 
Before  the  "  recovery  of  manganese ''  from  the  still-liquor  in  a 
state  suitable  for  the  renewed  manufacture  of  chlorine  had  come 
to  a  successful  issue,  the  rapid  extension  of  that  manufacture  had 
caused  a  sharp  rise  of  the  price  of  manganese  ore,  which,  during 
the  years  1871  to  1873,  amounted  to  twice  the  price  of  former 
years.  But  at  that  period  a  great  recoil  took  place,  partly  in 
consequence  of  the  complete  success  of  Weldon's  manganese 
recovery  process,  which  reduced  the  consumption  of  manganese 
ore  to  a  small  fraction  of  that  which  had  existed  previously,  partly 
through  the  Deacon  process,  in  which  no  manganese  at  all  is  used, 
and  partly  through  the  discovery  of  several  important  new  occur- 
rences of  manganese  ore  (p.  269) . 

Utilization  of  Still-liquor  without  recovery  op  Dioxide. 

Laming  (Engl.  pat.  11941, 1847)  proposed  to  manufacture  man* 
ganous  carbonate  from  the  chloride  by  means  of  chalk  or  gas- 
liquor,  and  to  employ  this  for  purifying  coal-gaa  from  sulphuretted 
hydrogen.  Later  on  (No.  1480,  1859)  he  proposed  to  make  the 
MnCOs,  or  else  Mn(0H)2  or  MnS,  more  active  by  mixing  with 
sawdust  and  oxidizing  in  the  air.  It  is  true  that  manganese 
in  this  form  is  a  very  good  absorbent  of  H2S,  but  it  has  been 
abandoned  in  the  gas-works  for  ferric  hydroxide,  especially  in 
the  shape  of  bog-iron  ore.     For  other  cases  where  HjS  has  to  be 
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Absorbed^  it  has  been  proposed  by  myself  (Engl.  pat.  1108,  1866) 
and  several  times  by  Weldon. 

A  similar  proposal  is  that  of  Dales  (Engl.  pat.  2157,  1869)9 
according  to  which  the  still-liquor  is  to  serve  for  deodorizing 
fsecal  matters ;  this  has  been  proposed  several  times  over. 

Gossage  (Engl.  pat.  2630,  1856)  employs,  apart  from  other 
carbonates,  also  manganons  carbonate,  made  from  still-liquor,  for 
decomposing  sodium  sulphide  in  the  alkali-manufacture* 

Still-liquor  has  been  proposed  for  use  in  the  recovery  of  sulphur 
from  Leblanc  waste  by  several  inventors,  partly  in  order  to  preci- 
pitate MnS,  partly  only  in  order  to  utilize  the  free  acid  contained 
therein ;  for  instance,  by  Townsend  and  Walker,  Schaffner,  P.  W. 
Hofmann,  Mond  (Vol  II.  pp.  828,  829,  844). 

The  formation  of  MnS  is  also  the  important  point  in  the  manu- 
facture of  barium  chloride  from  the  natural  sulphate  of  baryta  by 
means  of  still-liquor.  This  process  seems  to  have  been  invented 
by  Kuhlmann  (Compt.  Rend,  xlvii.  p.  164) ;  the  patent  taken  by 
Clark  (No.  2660,  1856),  as  a  communication  from  abroad,  pro- 
bably belongs  to  Kuhlmann.  The  same  process  forms  the  subject 
of  a  provisional  protection  obtained  by  Seitz  (No.  1898,  1860). 
The  free  acid  is  saturated  by  barium  or  calcium  carbonate,  the 
liquid  run  into  a  furnace  charged  with  a  mixture  of  ground 
sulphate  of  baryta  and  coals,  and  the  mixture  heated  for  several 
hours  in  a  reverberatory  furnace,  where  barium  chloride  and  man. 
ganese  sulphide  remain  behind  and  carbon  monoxide  bums  away : 

BaS04+MnCl,  +  4C=BaClj+MnS+4CO. 

The  two  former  are  separated  by  lixiviation,  and  the  barium 
chloride  obtained  by  evaporation  and  crystallization.  Kuhlmann 
recommends  the  following  proportions  : — 100  parts  of  ground  sul- 
phate of  baryta,  40  coal,  170  saturated  solution  of  manganons 
chloride,  13  chalk  or  lime ;  or  320-400  still-liquor,  100  barium 
sulphate,  30  to  35  coal  (no  lime) .  The  MnS  remaining  behind 
on  dissolving  cannot  be  utilized ;  it  yields  too  poor  a  gas  for  sul- 
phuric-acid chambers  when  burnt.  This  process  was  carried  out 
for  a  considerable  time,  but  abandoned,  as  it  was  found  that  man- 
ganons chloride  can  be  replaced  by  calcium  chloride. 

A  series  of  proposals  refers  to  the  application  of  still-liquor,  or 
of  manganese  compounds  prepared  therefrom,  in  the  manufacture 
4ffiron  and  steel:  e.  g.  Hunt  (Engl.  pat.  81,  1855)  ;  Henderson 
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(No.  3438,  1862) ;  Schaffner  (Wagner's  Jahresb.  1868,  p.  225)  • 
Since  great  masses  of  manganese  ore.  are  brought  into  the  market 
which  contain  but  little  peroxide,  but  are  otherwise  perfectly 
suitable  for  the  above  purpose,  those  proposals  have  become  quite 
useless. 

In  the  glaas^manufacture  manganese  oxides  precipitated  bj  lime 
from  still-liquor  have  been  employed  instead  of  the  rich  man* 
ganese  ores  otherwise  used  in  that  manufacture  (Wagner's  Jahresb. 
1873,  p.  282). 

As  a  colouring-matter  the  brown  colour  produced  upon  the  fibre 
itself  by  means  of  manganous  chloride  has  been  employed  for  a  long 
time,  under  the  name  of  '^  bistre.^'  For  this  purpose  crystallized 
manganous  chloride  has  been  manufactured. 

Crockford  (patent,  July  25,  1863)  proposes  to  employ  the  pre* 
cipitate  produced  in  still-liquors  by  lime  a  sa  pigment.  Leykauf 
(Dingl.  Journ.  cxc.  p.  70)  also  makes  a  colour  from  still-liquor 
by  fusing  the  dried  product  with  phosphoric  acid,  boiling  with 
ammonia,  filtering,  drying  down  the  filtrate,  fusing  again,  and 
exhausting  with  boiling  water;  the  colouring  matter  which  he 
called  "  Nuremberg  purple  *'  remained  behind. 

Pure  manganous  chloride  can  be  prepared  for  these  purposes^ 
from  still-liquor  in  the  following  manner : — After  neutralizing  the 
free  acid,  Muspratt  and  Gerland  (Engl,  patents,  2922,  1856,  and 
1589,  1857)  precipitate  the  iron  by  calcium  carbonate,  remove  it 
by  filtering,  then  precipitate  the  copper  by  H^S,  and,  after  the 
removal  of  the  CuS  by  calcium  sulphide  or  soda  waste,  the  nickel, 
cobalt,  and  a  portion  of  the  manganese  as  sulphides,  the  MnS  is 
extracted  from  the  mixture  by  weak  acid.  Copper,  cobalt,  and 
nickel,  which  may  also  be  precipitated  together  by  calcium  suU 
phide,  are  utilized  in  the  ordinary  manner ;  and  the  manganous 
chloride  remaining  in  the  mother  liquor  may  be  employed  for 
recovering  MnO^. 

mhefree  acid  of  still -liquor  has  been  proposed  for  a  great  many 
uses  : — e,  g.y  by  Kuhlmann  for  absorbing  the  ammonia  formed  in 
the  dry  distillation  of  bones  (patent.  No.  1620,  1855) ;  by  T.  A. 
Cook  for  purifying  manganese  itself  from  iron,  earthy  carbonates, 
&c.  (patent.  No.  2570,  1856) ;  for  making  CO^  from  carbonates- 
many  times ;  for  extracting  copper-ores  by  Haefiely  and  by  Deane 
(prov.  prot.  No.  753,  1866 ;  Chem.  News,  xiv.  p.  287). 
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The  Recovery  of  Manganese  Peroxide  from  Still-liquor. 

This  is  of  course  by  far  the  most  important  mode  of  utilizing 
still-liquor;  and  it  has  been  aimed  at  by  a  great  number  of 
proposals,  which  will  be  briefly  enumerated  here,  reserving  only 
Weldon's,  which  has  been  entirely  successful,  for  detailed  de- 
scription. 

By  the  Action  of  Atmospheric  Air  on  Manganese  Protoande, 
p7*ecipitated  by  Lime, — This  process,  which  has  finally  turned  out 
the  only  available  one,  was,  accidentally,  also  the  first  proposed 
for  recovering  Mn02 ;  Gossage  prescribes  (in  a  patent,  No.  7416, 
1837)  the  precipitation  of  still-liquor  with  lime,  running  off  the 
CaCls  liquor,  and  bringing  the  residue  into  violent  contact  with 
air.  The  next  step  was  made  by  Sinks  and  Macqueen  (patent 
No.  1240,  I860)  :  they  passed  air,  either  cold  or,  preferably, 
heated  to  200°  or  300°  C.  and  upwards,  through  water  in  which 
manganese  oxide  precipitated  by  lime  was  suspended.  The  per- 
oxide formed  in  this  way  was  to  be  agglomerated  into  lumps  by 
pressing  in  the  damp  state  or  moistening  with  a  hot  saturated 
solution  of  MnCls  and  drying.  Weldon'a  first  patent  dates  from 
July  26,  No.  1948,  1866 ;  the  further  steps  of  his  invention  will 
be  mentioned  further  on. 

Sinks  had  already,  in  1839  (No.  7963),  patented  the  pre- 
cipitation of  MnO  by  alkalies  and  heating  the  precipitation  in  the 
air;  but  he  lays  most  stress  on  the  subsequent  treatment  with 
nitrate  of  soda.  Walters  patented  (No.  9676, 1843)  heating  man- 
ganese sulphate  (obtained  as  residue  on  treating  manganese  ore 
with  equivalent  quantities  of  sulphuric  and  hydrochloric  acids), 
admitting  ^'a  small  quantity ''  of  air;  '^manganese''  is  obtained; 
and  the  SO3  evolved  may  be  converted  into  sulphuric  acid. 
Glover  (prov.  prot.  No.  1417,  1853)  purposes  to  regenerate 
''  black  oxide  of  manganese  ^^  by  heating  manganous  chloride  in 
contact  with  air.  Salmain  (patent  No.  723,  1855)  precipitates 
the  still-liquor  by  ammoniacal  gas-liquor,  obtains  from  the  solu- 
tion ammonium  chloride,  and  from  the  precipitate,  filtered  on 
sand  and  heated  to  a  red  heat,  manganese  peroxide.  It  is 
advisable  to  mix  lime  with  the  wet  sediment  before  igniting  it. 
Haeffely  (No.  1505,  1858)  patented  exactly  the  same  thing. 
.Elliott  (patent.  No.  2392,  1856)  proposes  to  decompose  by  heat 
the  MnCIs,  purified  from  iron,  into  free  HCl  and  a  mixture  of 
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MnO  and  Mn02>  from  which  the  former  is  dissolved  out  hj  weak 
acid.  Pattinson  (prov.  prot.  No.  2475^  1856)  precipitates  MnO 
by  lime^  and  exposes  it  to  a  carefully  regulated  heat  below  the 
melting-point  of  tin^  in  order  to  obtain  MnO^.  Essentially  the 
same  thing  was  again  patented  by  Hunter  (No.  1354,  I860).  As 
No.  2066,  1866,  Clark  (for  Cotelle)  patented  the  heating  of  acid 
manganese-liquor  in  a  reverberatory  furnace;  in  the  residue 
MnOs  is  said  to  remain.  If  HCl  is  admitted,  the  same  MnOj  is 
to  decompose  it  continuously  into  chlorine  and  water  [of  course 
with  the  assistance  of  atmospheric  oxygen]. 

Claus  (No.  1054,  1867)  patents  the  same  process;  he  absorbs 
the  weak  chlorine  by  a  shower  of  water  holding  hydrated  lime  or 
magnesia  in  suspension,  and  treats  the  hypochlorites  formed  with 
hydrochloric  acid,  to  obtain  strong  chlorine. 

Gorgeu  (Compt.  Rend.  vol.  Ixxxviii.  p.  769)  states  that  by 
heating  manganous  nitrate  and  keeping  it  for  a  long  •  time  at  a 
temperature  of  155-162°  a  compound  having  the  same  compo- 
sition as  the  mineral  polianite  is  formed. 

The  process  of  Jezler  (Dingl.  Joum.  ccxv.  p.  446)  is  only  a  modi* 
fication  of  Weldon^s  process :  it  likewise  aims  at  the  manufacture 
of  a  calcium  dimanganite,  2MnO,CaO,  but  as  a  dry  powder.  Pure 
MnClg  solution  is  to  be  precipitated  with  thick  cream  of  lime ;  one 
half  or  a  little  more  of  the  quantity  required  for  precipitation  is  to 
be  added,  the  precipitation  separated  from  the  liquor  and  spread  out 
in  the  air.  After  drying  it  a  little,  it  is  exposed  to  a  temperature 
of  from  30°  to  40°  C.  for  some  time,  agitating  it,  and  replacing 
the  water  evaporating.  When  the  mass  has  become  black  by 
absorbing  oxygen,  it  is  deprived  of  most  of  the  CaClj  by  washing, 
and  the  oxidation  finished  by  raising  it  to  a  higher  temperature 
[how  much  ?]  ;  at  the  end  the  CaCls  can  be  completely  washed 
out.  If  the  first  oxidation  takes  place  when  the  mass  is  still 
liquid,  a  moment  arrives  when  the  voluminous  and  flaky  sediment 
becomes  dense ;  and  then  the  CaCls  can  be  easily  removed.  But 
the  lime  ought  not  to  be  removed  by  washing  too  soon ;  for  only 
the  proper  proportion  between  Mn  and  Ca  yields  a  high-strength 
dimanganite.  The  product  is  sometimes  brown,  sometimes  black; 
it  equals  the  best  native  manganese  ore  as  regards  the  consumption 
of  hydrochloric  acid,  and  gives  off  most  chlorine  even  in  the  cold ; 
and  the  still  requires  only  moderate  heating  towards  the  end* 
Powdery  recovered  manganese  dioxide  can  be  formed  into  lumpa 
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which  are  rendered  more  solid  after  drying,  by  adding  a  smal) 
percentage  of  the  semi-oxidized  mass  which  had  not  been  heated 
and  contains  calcium  chloride.  [This  process  has  never  been 
applied  on  the  lai^e  scale.] 

A  proposal  patented  by  Valentin  (No.  1837,  1870)  has  but  very 
little  prospect  of  realization.  Potassium  ferricyanide  is  to  serve 
as  carrier  of  oxygen  to  precipitated  MnO  in  the  form  of  mud ;  the 
ferrocyanide  formed  is  to  be  reoxidized  into  ferricyanide  by  a 
current  of  air,  and  in  this  way  a  continuous  action  is  exercised 
similar  to  that  of  nitrous  acid  in  the  manufacture  of  sulphuric 
acid.  Less  than  0*5  per  cent,  ferricyanide  upon  the  weight  of  the 
manganese  is  to  suffice  for  regenerating  the  latter;  but  the  high 
price  of  that  compound  would  make  this  loss  quite  sensible ;  and  it 
could  not  be  left  in  the  manganese  mud,  because  in  that  case  very 
poisonous  cyanogen  compounds  would  be  formed  along  with 
chlorine.  Washing  out  the  ferricyanide  would  entail  the  filtering 
and  treatment  of  a  very  large  bulk  of  mud,  and  could  not  possibly 
pay  the  expense. 

De  Sussex  and  Arrott  (patent.  No.  10296,  1844)  precipitate 
MnO  from  the  liquors,  and  ignite  it  in  a  reverberatory  furnace 
with  potash  or  soda  in  the  state  of  hydrate  or  carbonate;  the 
fused  mass  is  dissolved,  and  from  the  liquor  MnOj  precipitated 
by  the  COa  of  the  air,  or  by  COj  prepared  for  the  purpose. 

Treating  the  lower  Oxides  of  Manganese  with  weak  Acid  for 
washing  out  MnO,  whilst  the  MnO^  remains  behind. — ^This  is  one 
of  the  many  proposals,  mostly  somewhat  obscure,  in  Binks^s  patent 
of  1839.  De  Sussex  and  Arrott,  according  to  their  patent  just 
mentioned,  dry  down  the  still-liquor,  heat  the  residue  with  lime  or 
magnesia,  and  treat  the  oxide  thus  obtained  with  weak  hydrochloric 
acid  to  dissolve  MnO ;  they  also  do  this  with  natural  low-strength 
manganese  ore.  Elliott  and  Pattinson  obtained  provisional  pro* 
tection  far  exactly  the  same  thing  (No.  992, 1856). 

Heating  Manganese  Chloride  with  Ferric  Oxide, — Macfarlan& 
(Engl.  pat.  9234, 1884)  mixes  dry  MnCl2  with  from  one  to  four 
times  its  weight  of  ferric  oxide,  and  heats  the  mixture  to  400^  C 
in  a  current  of  air  dried  by  calcium  chloride;  dilute  chlorine 
escapes^  and  a  mixture  of  ferric  oxide  with  MugO^  and  MnO^ 
remains  behind.  On  treating  this  mixture  with  hydrochloric  acid,, 
practically  only  the  manganese  oxides  are  acted  upon,  with  evolu.- 
tion  of  chlorine^  and  the  ferric  oxide  remains  almost  unchanged. 
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The  mixture  is  again  brought  to  dryness,  and  the  residue  is  used 
over  again  as  at  first. 

Igniting  with  Nitrate  of  Sforfa.— Binks  (No.  7963,  1839)  heats 
dried-down  still-liquor,  or  lower  oxides  of  manganese  prepared  in 
any  way,  with  nitrate  of  soda  to  a  dark  red  heat  in  a  retort;  lime  or 
chalk  may  also  be  added.  His  mixture  consists  of  1  part  nitrate  of 
soda,  2  dry  "sulphate  residue''  (t.  e,  residue  from  evolving  chlorine 
by  sulphuric  acid,  common  salt,  and  manganese),  and  3  parts  of 
the  lower  manganese  oxides  or  carbonates,  obtained  by  his  pro- 
cess—or else  1  part  nitrate,  8  parts  dry  "  sulphate  residue,''  and 
3  parts  calcium  hydrate  or  carbonate.  The  residue  on  being 
washed  furnishes  Mn02 ;  ^^  ^O  escaping  is  to  be  brought  into 
contact  with  a  further  quantity  of  the  lower  oxides  or  carbonates 
of  magnesia  in  a  moist  state.  The  latter  part  of  this  proposal  is 
repeated  in  the  patent  of  De  Sussex  and  Arrott  (1844).  Gatty 
patented  (No.  2230,  1857)  essentially  the  same  thing  as  Sinks. 
MnCl^  or  MnS04  is  to  be  mixed  with  its  equivalent  of  sodium 
nitrate,  the  mixture  dried  and  heated  to  a  dark  red  heat  in  an 
iron  retort.  "  Black  oxide  of  manganese  "  remains  behind,  along 
with  sodium  sulphate  or  chloride,  which  is  separated  by  lixivia- 
tion ;  the  escaping  nitrous  gases  are  to  be  utilized  for  the  manu- 
facture of  sulphuric  acid. 

This  process  was  again  taken  up  by  Kuhlmann  (Compt.  Bend. 
Iv.  p.  247),  who,  however,  converts  the  nitre-gas  by  air  and  water 
into  nitric  acid.  In  this  way,  from  100  NaNOs  125  or  126  nitric 
acid  of  sp.  gr.  1320  are  said  to  be  obtained,  t.  e.  not  much  less 
than  in  the  ordinary  manufacture  of  nitric  acid.  According  to 
Pean  de  St.Gilles  (Bip.  Chim.  appl.  1862,  p.  338)  the  decomposition 
commences  at  220^  C,  and  lasts  for  8  or  10  hours.  The  residue 
is  not  Mn02,  but  an  oxychloride  of  the  formula  3Mn208,MnCls, 
which  is  very  unsuitable  for  chlorine-making.  A  further  appli- 
cation of  the  nitrous  vapours  proposed  by  Kuhlmann  was,  passing 
them  over  Mn(0H)2,  which  is  thereby  converted  into  MnOj. 
Kuhlmann  asserts  (Beilstein,  Chem.  Grossindustrie,  1873,  p.  42) 
that  in  this  case  manganous  nitrate  is  re-formed,  which  on  being 
heated  to  200°  leaves  MnO^  behind  and  gives  off  all  the  nitrogen 
as  available  nitrous  vapours,  not  as  NO  or  N;  thus  the  atmospheric 
oxygen  might  be  transferred  upon  MnO  ad  infinitum*  Kuhlmann 
patented  this  process  for  England,  No.  847, 1873.  He  precipitates 
the  still-liquor  with  only  one  equivalent  of  lime,  and  consequently 
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asserts  that  he  gets  an  88-per-ceiit.  peroxide  [?],  while  he  states 
that  Weldon's  process  only  yields  70-per-cent.  peroxide.  Another 
proposal  of  the  patent  is,  draining  the  Mn(0H)3  on  coarse  matting 
and  employing  it  for  Bessemer-steel  making.  The  latter  proposal 
seems  to  betray  small  confidence  in  the  former.  To  this  class 
belong  also  some  proposals  for  converting  manganous  nitrate  into 
Mn02  by  heatings  which  will  be  described  in  the  last  chapter  of 
this  section^  e.  g.  that  of  Schloesing. 

Heating  of  Manganese  Carbonate. — This  process  was  patented 
by  Dunlop  on  May  31st  and  Nov.  22nd,  1855  (Nos.  1243  &  2637), 
and  was  for  many  years  practised  at  St.  Rollox.  The  same  process 
was  also  patented  by  Gossage  on  August  30,  1855  (No.  1963), 
but  too  late.  An  improvement  by  Clemm  (Dingl.  Journ.  clxxiii. 
p.  128),  viz.,  employing  magnesium  carbonate  instead  of  calcium 
carbonate  in  this  process,  and  regenerating  HCl  by  heating  the 
magnesium  chloride,  has  not  been  practically  realized.  Neither 
has  this  been  the  case  with  the  proposal  of  Sinks  and  Macqueen 
(patent  No.  1240,  1860)  for  passing  hot  air  through  MgCOg 
suspended  in  water.  It  appears  that  the  reaction  upon  which 
Dunlop's  patent  and  other  similar  proposals  are  founded  was 
discovered  by  Forchhammer :  it  has  been  especially  investigated 
by  Reissig  for  a  large  number  of  temperatures  and  diflPerent 
durations  of  the  heating  process  (Ann.  Chem.  Pharm.  ciii.  p.  27). 
He  found  a  temperature  of  300^  and  three  hours'  action  most 
favourable :  the  product  then  contained  73  per  cent.  Mn02,  and 
corresponded  to  the  formula  2Mn02,MnO.  [This  would  square 
exactly  with  Weldon's  theory,  that  in  his  recovery- process  the 
reaction  stops  at  the  formation  of  an  **  acid  manganite.'^] 

Dunlop's  process  is  as  follows : — The  acid  still-liquor  is  first 
neutralized  with  ground  chalk  in  open  agitating-apparatus  j  the 
iron  is  also  precipitated  as  hydroxide,  but  no  manganese.  The 
neutral  liquor  is  pumped  into  very  large,  horizontal,  cylindrical 
wrought-iron  boilers,  about  10  feet  in  diameter  and  80  feet  long, 
fitted  with  a  horizontal  agitating-shafc.  Here  the  liquor  is  mixed 
with  the  requisite  quantity  of  ground  chalk  (excess  of  which  is  to 
be  carefully  avoided );  the  boiler  is  tightly  closed,  and  by  blowing 
in  steam  the  pressure  raised  to  2  or  2^  atmospheres.  By  means  of 
the  pressure,  the  heat,  and  the  agitation,  complete  decomposition 
is  efiected  in  24  hours,  producing  a  solution  of  CaCl^  and  a  white 
precipitate  of  MnCOs;  while  under  ordinary  circumstances  this 
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reaction  does  not  take  place*    The  contents  of  the  boiler  are  forced 
by  steam-pressure  into  settling-tanks ;  the  CaClf  liquor  is  run  off, 
the  precipitate  well  washed^  pressed^  and  partially  dried  on  iron 
plates.     It  is  now  put  into  shallow  iron  bogies  running  on  wheels^ 
and  introduced  into  a  peculiar  kind  of  oven  divided  by  arches  into 
four  tiers  one  above  the  other,  each  of  which  holds  twelve  of  those 
bogies ;  inside  these  are  rails,  upon  which  the  bogies  run  with 
ease.     The  oven  is  heated  from  without,  so  that  its  temperature 
reaches  315°  C;  it  is  hottest  at  the  bottom.     A  current  of  air 
enters  at  the  lowest  tier  and  passes  through  all  four.     Each  fresh 
bogie  is  introduced  at  one  end  of  the  top  tier,  where  it  meets  the 
coolest  temperature  and  an  atmosphere  rather  poor  in  oxygen ; 
the  bogies  are  gradually  moved  onwards,  that  at  the  end  of  each 
tier  getting  into  the  next  lower  tier;  and  they  thus  constantly 
meet  a  warmer  air,  richer  in  oxygen,  which  assists  the  conversion 
of  the  moist  manganese  carbonate  into  peroxide.     The  moisture 
must  be  renewed  by  frequent  squirting  of  water.    As  a  fresh  bogie 
is  put  in  once  an  hour,  and  the  others  must  all  be  moved  onwards 
accordingly,  each  of  them  remains  in   the  oven  for  24  hours. 
When  they  come  out,  their  contents  test  72  per  cent.  MnO^ ;  the 
remaining  28  per  cent,  are  lower  oxides  of  manganese  and  about 
2  per  cent,  calcium  carbonate.    The  thick  paste  is  worked  up  for 
chlorine  by  HCl  as  usual,  and  is  much  more  easily  dissolved  than 
native  manganese.    The  plant  required  for  this  process  is  extremely 
costly,  and  has  never  been  put  up  for  the  whole  of  the  still-liquor 
even  at  St.  Rollox.     Outside  of  those  works  the  process  seems 
to   have   been   tried  only  at   Thann   (Wagner's  Jahresb.  1858, 
p.  122;  Hoffmann,  Report  by  the  Juries,  1862,  p.  37) ;  but  it  was 
there  given  up  after  a  short,  time,  as  the  expense  of  fuel  made  it 
unremunerative. 

Dunlop's  recovery-process  has  not  been  introduced  by  Messrs. 
Tennant  at  their  Hebbum  works,  erected  about  the  year  1870 ; 
it  has  also  long  ago  been  abandoned  at  St.  Rollox  for  the  manu- 
facture of  chlorine,  but  it  seems  to  be  still  employed  there  in 
manufacturing  pure  manganic  oxides  for  special  purposes. 

Recently  at  the  same  works  (St.  Rollox)  the  recovery  of  MnOj 
by  the  formation  of  MnCOs  has  been  tried  in  another  way. 
Campbell  and  Boyd  (pat.  10187,  1888)  heat  manganous  chloride 
with  sulphuric  acid  and  some  more  manganese  ore,  whereby  nearly 
all  the  chlorine  is  obtained  in  the  free  state,  the  manganese  being 
transformed   into  sulphate.      This  is  dissolved  in  water  and  is 
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treated  with  ammouium  carbonate  (probably  in  the  shape  of  crude 
gas-liqaor),  to  obtain  MnCOj^  which  is  transformed  into  MnO^  by 
Dunlop's  process ;  the  ammonium  sulphate  formed  in  this  way  is 
sold  as  such.  [This  means  that  in  any  case  the  process  would  be 
only  capable  of  limited  application.]  Patent  No.  18056,  1888, 
modifies  the  first  part  of  the  invention  by  passing  gaseous  HCl 
into  a  solution  of  MnS04j  to  which  so  much  MnOs  has  been  added 
that  by  the  aid  of  more  sulphuric  acid  all  the  chlorine  of  the  HCl 
is  liberated.  [Campbell  and  Boyd^s  recent  patents  are  enumerated 
in  the  last  chapter  of  this  section.] 


The  Old  Weldon  Chlorine-Process. 

All  the  numerous  proposals  for  recovering  the  manganese  have 
resulted  in  failure,  with  only  two  exceptions,  viz.  the  processes  of 
Dunlop  and  of  Weldon.  In  all  other  cases  either  the  recovery 
of  MnOa  costs  more  than  fresh  n^nganese  ore,  or  the  chlorine 
obtained  is  too  dilute,  or  for  some  other  reason  the  process  does 
not  pay.  Of  the  two  processes  just  mentioned  we  need  not  recur 
to  Dunlop^s,  although  in  1880  still  5000  tons  of  bleaching-powder 
per  annum  were  made  by  it,  because,  for  the  reasons  already  given, 
this  process  has  not  extended  beyond  the  St.-RoUox  works,  where 
it  originated;  the  same  firm,  at  their  new  works  at  Hebburn-on- 
Tyne,  introduced  the  Weldon  process,  and  not  the  Dunlop — which 
makes  further  comment  unnecessary  (p.  322). 

The  recovery  of  MnO^  by  the  action  of  a  current  of  air  upon 
Mn(OH)s  precipitated  by  lime  has  been  repeatedly  proposed 
(p.  317).  Nearest  to  the  mark  came  the  process  of  Binks  and 
Macqueen  (1860) ;  but  they  also  did  not  succeed.  It  is  the 
undoubted  merit  of  Mr.  Walter  Weldon  to  have  discovered  the 
right  way.  He  also,  as  shown  by  his  first  patent  of  1866,  was 
not  at  first  on  the  right  track,  but  found  it  by  persevering  experi- 
ments when  he  had  an  opportunity  of  working  out  the  process  at  the 
works  of  Messrs.  Gamble  &  Co.  at  St.  Helens,  where,  according 
to  his  own  statements,  he  met  with  most  efficient  assistance  by 
the  technical  skill  of  the  manager,  Mr.  Bramwell. 

Weldon^s  process  is  founded  on  the  fact  that  freshly  pre- 
cipitated manganous  hydroxide,  suspended  in  a  solution  of  calcium 
chloride,  is,  in  the  presence  of  an  excess  of  lime,  easily  converted 
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into  peroxide  by  a  current  of  air  forced  through  the  liquid.     It 
is  this  excesis  of  lime  that  has  made  the  process  successful.     It 
had  long  been  known  that  Mn(0H)2  can  be  to  a  certain  extent 
oxidized  as  it  is  precipitated  from  still-liquors  by  its  equivalent 
of  lime ;  but  this  oxidation  remains  so  incomplete  as  to  be  useless 
in  practice.     Weldon  found  that  manganous  oxide  treated  in  the 
wet  way  with  air  could  at  most  be  half-converted  into  peroxide, 
so  that  Mn^Oj  is  formed ;  but  when  a  certain  quantity  of  lime  is 
added,  the  MnO  under  favourable  circumstances   can  be  com- 
pletely converted  into  M n02,  and  that  in  less  than  one  tenth  of 
the  time  which  is  necessary  for  forming  MujOs  in  the  absence  of 
lime.     This  was  the  key  to  the  splendid  success  which  his  process 
has    had.      But  it   should  not  be  overlooked  that  Weldon  has 
also  worked  out  the  technical  details  both  of  the  plant  and  the 
process  with  great   perseverance  and   care,  so  that  everywhere 
the  apparatus  coidd  be  erected  and  started  from  his  instruction 
without  any  difficulty.     There  is  all  the  difference  in  the  world 
between  the  crude  and  economically  useless  proposals  of  Binks  and 
Macqueen,  and  the  Weldon  process,  which  now  forms  an  integral 
part  of  the  operations  oi:  most  larger  alkali- works,  both  in  £ugland 
and  on  the  Continent.      This  process  is  now  almost  more  easily 
and  safely  carried  out  than  any  of  the  long-known  operations  in 
alkali-works.      Weldon's  merit  has  been  fully  recognized  abroad 
by  the  bestowal  upon  him  of  the  grand  Lavoisier  medal,  and  of  a 
"  Grand  Prix  ^'  at  the  Paris  exhibition  of  1878.     He  must  be  said 
to  have  largely  benefited  chemical  industry  in  general,  and,  by 
cheapening  bleaching-compounds,  also  the  bleach-trade  and  paper- 
making  and  the  carrying-out  of  disinfection — that  is,  all  mankind. 
Weldou's  manganese- recovery  process  is  inseparably  connected 
with  his  process  of  generating  chlorine  from  the  recovered  per- 
oxide.     It  is,  on  the  whole,  carried  out  everywhere  according  to 
the  same  principles  and  in  very  similar  apparatus.     The  following 
description  refers  to  an  apparatus  with  which  6  tons  of  bleaching- 
powder  daily  can  be  made  by  working  single  shifts,  or  12  tons  by 
day-and-night  work ;  but  in  the  latter  case  the  stills  should  be 
larger,  as  they  are   afterwards   represented  in  special  drawings. 
Fig.  115  is  a  side  elevation  of  the  apparatus,  fig.  116  a  plan  on  the 
line  A  B  of  fig.  115,  fig.  117  a  section  on  the  line  C  D  of  fig.  116. 
E  £  are  the  mud-stills,  which  are  here  taken  as  7  feet  square 
and  10  feet  high ;  their  construction  will  be  described  in  detail 
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afterwards.  T  is  an  ordinary  still,  which  serves  for  dissolving 
native  manganese  ore,  to  make  up  for  the  loss  in  recovery,  and 
which  18  so  fixed  that  its  waste  liquor  can  be  discharged  directly 
into  one  of  the  mud-stills  E.  F  is  the  neutralizing-well,  which 
receives  the  manganese  Uquor  from  E ;  this  also  will  be  described 
below.  O  is  a  pump,  made  of  cast  iron,  with  bronze  piston, 
valves,  &c. ;  it  conveys  the  neutral  manganese  liquor,  free  from 
iron,  by  the  pipe  a  to  the  wrought-iron  settlers  U  H.  They  are 
worked  by  a  special  eugine  as  double-acting  force-pumps  with  a 
6-inch  barrel,  and  are  built  very  substantially,  so  as  to  seldoir< 
require  repair.  Their  valves  must  be  easily  accessible.  Theif 
suction-  and  delivery-pipes  are  4  or  5  inches  wide ;  the  suction- 
pipe,  so  far  as  it  dips  into  the  manganese  liquor  contained  in  the 
neutralizing-wcU,  is  sometimes  made  to  turn  on  a  swivel ;  it  is 
then  ordinarily  protected  from  contact  with  the  acid  liquor,  and 
need  only  be  let  down  when  the  pump  is  to  work.  Failiug  this 
arrangement,  there  should  be  a  few  suction-pipes  in  reserve,  as 
they  are  quickly  corroded.  There  is  a  running-off  cock  attached 
to  the  delivery-pipe,  by  which  the  liquor  stauding  in  it  is  run  back 
into  the  well.  In  order  to  make  the  pressure  more  uniform,  and, 
as  it  were,  to  serve  as  an  air-vessel,  the  upper  end  of  the  delivery- 
pipe  a  is  continued  6  feet  above  the  side  branch  conveying  the 
liquor  to  the  settlers. 

The  chlaride^of-manganese  settlers  H  H  are  made  of  |-inch 
boiler-plate,  or  of  cast-iron  flanged  plates  bolted  together,  with 
the  usual  strengthening  stays.  Wooden  tanks  caulked,  or  lined 
with  lead,  are  very  disadvantageous ;  the  extra  cost  of  the  iron 
vessels  is  very  quickly  made  up  by  saving  the  expense  of  the 
repairs  and  the  long  stoppages  connected  with  the  other  kind  of 
vessels.  Well  neutralized  manganese  liquor  does  not  act  at  all 
upon  the  iron.  There  must  be  at  least  two  settlers,  in  one  of 
which  the  liquor  is  left  at  rest  while  the  other  is  being  pumped 
into.  Each  of  them  is  provided  with  a  side  discharge-pipe  and 
sluice-valve  b  not  far  above  the  bottom :  this  is  continued  inside 
into  a  swivel  pipe  like  that  shown  in  figs.  261  and  262,  in  Vol.  II. 
p.  694,  or  sometimes  into  a  4-inch  india-rubber  pipe,  so  that  the 
liquor  can  be  drawn  off  clear  from  the  mud.  The  discharge-pipes 
unite  outside  in  an  iron  pipe,  which  divides  again  into  two 
branches,  one  for  each  oxidizer  O  O,  provided  with  a  sluice-valve 
each.    These  branch  pipes  enter  the  oxidizers  at  about  two-thirds 
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of  their  height.  The  manganese  liqnor  is  pumped  alternately 
into  one  or  the  other  settler.  This  is  mostly  done  by  separate 
valves  for  each ;  but  a  wooden  or  iron  box  A,  with  a  plug-hole  for 
each  compartment^  answers  the  same  purpose.  Each  settler  also 
has  a  large  conical  bottom-valve,  worked  by  the  handle  / ;  by  these 
the  mud  is  removed  from  time  to  time.  Below  they  discharge 
into  large  wooden  or  iron  shoots  (not  shown),  which  convey  the 
mud  to  a  suitable  place  for  further  treatment. 

The  settlers  H  H  may  be  each  about  11  x  12x6^  feet,  holding, 
when  full,  about  50  tons — making,  along  with  their  own  weight, 
together  about  104  tons.  Consequently  they  must  be  very  firmly 
mounted,  especially  as  this  has  to  be  done  at  a  great  height  above 
the  ground.  This  is  always  eflFected  by  a  wooden  framework  of 
12-  to  14-inch  square  beams,  resting  upon  the  same  foundation  as 
the  mud-settlers  S  S.  This  framework  is  represented  in  the 
drawing  without  the  necessary  staircases,  gangways,  &c. 

In  the  oxidizers  O  O  the  recovery  proper  takes  place.  They  are 
wrought-iron  cylinders,  |  inch  thick  (the  upper  third,  which  never 
contains  liquid,  but  only  froth,  may  be  ^  inch),  open  at  the  top^ 
and  with  a  flat  bottom.  They  stand  on  a  strong  foundation, 
mostly  of  brickwork,  upon  which  a  wooden  framework  is  erected 
for  keeping  the  oxidizers  in  their  places  and  preventing  them  from 
shifting,  notwithstanding  the  strong  shaking  on  forcing  the  air 
through.  The  oxidizers  are  filled  with  settled  manganese  liquor 
by  the  pipes  b  b,  and  are  fed  with  milk  of  lime  either  directly  by 
the  pump  L  and  the  delivery-pipe  c,  or  preferably  from  the  iron 
tank  M,  into  which  the  milk  of  lime  is  pumped  first,  and  which 
discharges  into  either  oxidizer  by  a  separate  valve  m  m ;  these  are 
in  the  drawing  shown  only  as  plug  valves ;  but  they  must  actually 
be  constructed  in  such  a  way  that  they  can  be  regulated  as  well 
from  the  foot  of  the  oxidizer.  The  upper  lime-tank  M  must  also 
be  provided  with  an  agitator;  and  since  the  application  of  ma. 
chinery  at  that  height  occasions  difficulties  and  expense  for  shaft- 
ing, it  seems  advisable  to  fix  a  Korting's  injector  there  and  agitate 
by  a  current  of  air.  The  unavoidable  dilution  by  steam  can  do 
little  harm  during  the  short  time  this  agitation  goes  on.  Or  else 
a  small  branch  of  the  large  blowing-pipe  is  put  in  to  stir  up  the 
milk  of  lime.  When  this  vessel  M  is  not  present,  the  oxidizers 
remain  quite  open ;  and  in  any  case  only  a  small  portion  is  covered 
by  bearers  &c.     The  7-inch  pipe  d  conveys  compressed  air  into 
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the  oxidizers ;  it  comes  from  the  air-vessel  R^  and  sends  a  branch 
with  valve  to  each  oxidizer.  This  pipe^  in  spite  of  the  greater 
expense  and  the  loss  by  friction^  must  be  carried  to  the  top  of  the 
oxidizers  and  then  descend  to  the  bottom  inside ;  otherwise  the 
connecting  flanges  could  not  be  kept  right,  owing  to  the  shaking 
during  the  blowing.  The  same  thing  holds  good  of  the  milk-of- 
lime  pipe  and  the  steam-pipe;  but  as  a  fixed  connection  cannot 
be  dispensed  with  in  the  case  of  the  manganese-liquor  pipe  b^ 
I  found  it  suitable  to  interpose  in  this  pipe^  between  the 
oxidizers  and  settlers^  an  equally  wide  (4-inch)  india-rubber  pipe, 
which  entirely  prevents  the  movements  in  O  O  being  felt  in  the 
settlers  H  H.  The  air-pipe  d  descends  to  the  bottom  of  O^  and 
there  branches  off  in  the  form  of  a  cross,  or  in  some  other  way,  so 
that  the  blast  is  divided  into  many  jets.  The  branches  are  closed 
at  the  end,  and  are  perforated  with  a  number  of  1-inch  holes 
slanting  downwards  (fig.  117,  a)  ;  thus  the  mud  does  not  penetrate 
into  them  so  easily.  Each  oxidizer  has  also  a  2-inch  steam-pipe 
(not  shown),  passing  over  its  top  down  to  the  bottom  and  branch- 
ing off  there ;  the  steam-valve  is  placed  outside  in  a  convenient 
position  for  the  attendant,  near  a  ^-inch  test-cock^  5  feet  above 
the  bottom.  These  are  generally  in  or  close  to  a  small  lavatory 
(testing-cabin)  built  against  the  oxidizer,  from  which  also  the 
valves  for  the  milk  of  lime  are  accessible,  and  which  is  connected 
with  the  engine-room  for  the  blowing- engine  by  an  open  commu- 
nication, or  at  least  by  a  speaking-tube.  The  discharge-pipes  n  n 
(6  inches  wide)  start  from  the  bottom  of  the  oxidizers,  each  pro- 
vided with  a  sluice- valve,  and  continue  into  a  common  pipe  c, 
which  sends  out  a  branch  with  4-inch  valves  over  each  mud 
settler. 

The  manganese  mud-settlers  S  S  are  built  just  like  the  liquor- 
settlers  H  H  and  of  the  same  size ;  but  there  must  be  at  least  3, 
better  4  of  them,  provided.  Each  is  fitted  with  a  2-inch  swivel 
pipe  e  for  running  off  the  calcium-chloride  liquor ;  these  communi- 
cate on  the  outside  with  a  common  pipe  or,  better,  an  open  spout, 
conveying  the  liquor  to  a  catch-well.  At  the  bottom  there  is  a 
4-inch  pipe/ with  sluice- valve,  joined  to  the  main  pipe^,  from  which 
each  of  the  stills  E  is  fed  by  a  pipe  and  sluice- valve  A. 

For  producing  the  current  of  air  the  following  arrangements 
are  made : — ^Two  steam-boilers  N  N,  of  about  6  feet  diameter  and 
80  feet  long,  supply  the  steam  for  the  blowing-engine  P  and  all 


TBE  CHLORINE  INDUSTBY. 

Fig.  lis. 


THE  WXLDON  CHLORINB*PROCES8.  329 

other  steam  required  in  the  process  (for  the  oxidizers,  milk-of-lime 
tanks,  chlorine-stills,  pumps,  and  agitators).  In  case  of  need,  e,  g. 
during  cleansing  or  repairs,  one  boiler  may  work  by  itself;  but 
then  all  the  operations  cannot  be  performed  at  one  time.  The 
blowing-engine  P  in  this  case  is  sketched  as  a  horizontal  twin- 
engine,  with  two  steam-cylinders  of  18  inches  diameter,  air- 
cylinders  of  2  feet  2  inches  diameter,  and  2  feet  stroke ;  one  of 
the  cylinders  may  work  by  itself  in  case  of  repairs,  but  not  so 
well.  All  the  valves  of  the  air-cylinders  are  of  india-rubber.  This 
is  the  kind  of  blowing-engine  built  by  Messrs.  Neill  and  Son  of 
Bold ;  others  prefer  the  vertical  engine,  fig.  118,  built  by  Messrs. 
R.  Daglish  and  Co.,  of  St.  Helens,  with  a  2(Vinch  steam-cylinder, 
2-ft.  3-inch  air-cylinder,  3-feet  stroke,  and  an  8-foot  fly-wheel. 
The  blast  passes  from  the  engine  first  into  a  regulator  or  air- 
vessel  R  (fig.  116)  of  any  shape,  and  from  this  by  the  7-inch  pipe  d 
to  the  oxidizers.  To  the  air-vessels  a  pressure-gauge  and  a  pipe 
for  running  off  the  water  are  fixed ;  the  latter  comes  from  the  air- 
cylinders,  which  are  lubricated  by  a  continuous  small  jet  of  water. 
The  dry  compressors,  built  by  Messrs.  Burkliardt  &  Co.  of  Basel, 
work  without  water,  and  are  said  to  be  more  economical  on  that 
account  and  in  other  respects. 

The  blowing-engines  will  have  to  make  from  40  to  60  strokes 
per  minute,  according  to  the  amount  of  work  to  be  done.  For 
each  ton  of  bleaching-powder  to  be  made,  about  300,000  cubic 
feet  of  air  or  one  hour's  work  of  40-  to  45-hor8e  power  may  be 
taken  as  necessary.  The  exhaust-steam  should  be  utilized  for 
heating  up  the  feed,  the  milk  of  lime,  &c. 

The  milk  of  lime  is  made  in  the  two  iron  cylinders  I  and  K, 
each  about  6  feet  high  and  7  or  8  feet  wide,  which  can  be  con- 
veniently placed  beneath  the  mud-settlers.  I  serves  for  slaking 
the  lime  and  preparing  the  milk,  K  for  storing  the  latter  and  also 
for  the  lime-pump  L;  it  is  sunk  in  the  ground,  so  that  the  whole 
contents  of  I  may  run  into  L.  Figures  119  and  120  show  this 
arrangement  on  a  large  scale.  A  donkey-engine  a,  bolted  to  I, 
drives  the  agitators  of  both  cylinders.  In  I  there  is  a  cage  by 
formed  of  perforated  metal  plates,  for  receiving  the  lime;  it 
occupies  a  segment  of  an  annular  space  in  the  upper  third  of  1, 
one  third  or  half  round  its  circumference ;  the  upper  cross  arm  of 
the  agitator  is  accordingly  shortened.  The  cock  c  runs  the  milk  of 
lime  from  I  through  the  finely  perforated  zinc  plate  in  the  sieve  d, 
and  from  this  into  E. 
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The  neutralizing-well  F  {in  figs.  116  and  117)  is  always  sunk  in 
the  ground,  and  surrounded  by  a  clay  puddle  in  order  to  prevent 
the  running-out  of  liquor  as  much  as  possible.  It  is  either  made 
of  large  stone  slabs,  in  an  octagonal  shape,  or  of  fire-bricks  or 
bewn  freestone,  in  a  circular  form.  Of  course  the  stone  must  be 
acid-proof  and  set  in  tar-pitch  and  sand  in  the  most  careful 
manner.  At  least  once  a  week  the  veil  must  be  left  filled  for  a 
night  and  exactly  gauged,  to  control  its  being  tight.  A  leak  once 
formed,  even  if  discovered,  is  very  difficult  to  stop  effectually.  The 
well  is  covered  with  strong  tarred  planks,  in  which  a  large  man- 
hole, a  stoneware  pipe  for  carrying  the  gas  into  the  nearest 
chimney-flue,  and  a  central  aperture  for  the  agitator  are  made. 
The  latter  is  either  suspended  as  in  figs.  121  and  122  (where  a  is  the 

Fig.  121. 


■team-engine  for  driving  the  agitator,  b  the  pnmping^engine  for 
the  manganese  liquor),  the  agitator  itself  being  made  of  wood  and 
fastened  iu  an  iron  upper  part,  or  it  is  made  more  substaotially 
with  an  iron  shaft  rotating  in  a  footstep,  as  in  fig.  117.    The 
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latter  does  not  easily  give  ont,  in  ipite  of  the  mud  lying  at 
the  bottom,  and  is  not  so  frequently  out  of  repair  as  tbe  former. 
There  are  in  lai^  works  several  of  these  wells;  but  one  suffices 
for  the  apparatus  here  repieaeoted,  5  feet  6  inches  deep  and  13  to 
15  feet  wide. 

The  cklurine-Uilla  employed  in  the  Weldon  proceBs  widely  differ 
in  nhape  from  those  used  in  the  ordinary  process.  They  are  always 
composed  of  stone  flags,  and  are  much  larger,  especially  much 
higher,  than  the  stills  for  manganese  ore ;  they  have  no  grating. 
The  shape  usual  at  small  works  (turning  out  7  or  8  tons  of  hleach 
daily)  is  shown  in  tigs.  123  and  IM.  Fig.  123  is  a  view  from  above, 
with  a  portion  of  the  cover  taken  away ;  fig.  124  is  partly  a  front 
and  partly  a  sectional  elevation.  Upon  a  bottom-stoue,  about 
8  feet  6  inches  square  and  10  to  12  inches  thick,  the  four  sides  are 
erected  in  two  tiers,  one  above  the  other.  Pig.  J25  shows  the  way 
in  which  the  corners  are  joined  t(^ther.  Of  course  there  is 
always  a  channel  provided  for  the  tar  and  china-clay  cement 
("  black  stuff").    The  four  sides  are  tied  together  by  strong  cast- 
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iron  corner-brackets  with  screw-bolts  passing  tbrough  them,  shown 
at  a  a;  there  are  at  least  two  seta  of  these  for  each  tier.  All  iioQ 
work  ie  thickly  coated  with  coal-tar  pitch;  the  comer-brackets  do 
not  touch  the  stone  directly,  hut  a  piece  of  sheet  lead  is  put  in 
between ;   the  screw-bolts  are  surrounded  with  india-rubber  or 
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earthenware  pipes  at  any  place  where  they  might  be  damaged  hy 
drops  of  acid.  As  the  stills  are  exposed  to  pretty  strong  shaking 
during  the  steaming,  and  the  joints  may  thus  be  loosened  or  eveo 
the  stones  he  cracked,  it  is  very  useful  to  strengthen  the  lower 
tier  in  the  way  represented  by  bracing  it  with  strong  railway-plates 
pressing  against  the  stones,  a  piece  of  sheet  lead  lying  between  ; 
jn  the  comers  they  are  bent  round  in  the  way  seen  in  fig,  125,  and 
brought  together  by  strong  bolts.  The  steam-pipe  c 
is  made  from  a  16-iDch -square  atone  coluflin  by  ^-  325. 
drilling  into  it  a  central  IJ-inch  hole,  and  close  to 
the  bottom  three  or  four  cross  holes.  At  the  bottom 
it  rests  in  a  stone  socket  k ;  at  the  top  it  is  joined  to 
a  lead  eteam-pipe,  continued  into  an  iron  one,  the 
cock  of  which  should  be  protected  in  the  way  described  on  p.  296. 
Instead  of  a  stone  column,  at  some  works  strong  earthenware 
pipes  of  about  6  inches  diameter  and  1^  inch  bore  are  employed ; 
but  these  must  be  made  in  two  pieces,  as  such  long  pipes  (13  feet) 
cannot  be  made  in  onej  and  the  joint  is  very  difficult  to  keep 
tight.  On  the  top  the  square  steam-column  is  dressed  in  a  circular 
shape,  affording  a  support  for  the  two  halves  of  the  top  cover,  which 
also  rest  in  recesses  of  the  side  stones.  The  manganese  mud  is 
run  in  by  a  6-inch-wide  lead  or  stoneware  funnel  with  swan-neck 
pipe,  above  which  is  arranged  the  sluice-valve  of  one  of  the  branches 
of  the  mud-pipe  from  the  mud-settlers.  Several  other  hydraulic 
lutes  are  employed  for  the  same  purpose,  often  fixed  on  the  cover 
itself  as  that  shown  in  fig.  126.    e  (fig.  124)  is  the  3-inch  stoneware 

Fig.  127. 


cock  for  feeding  with  acid ;  this  may  also  be  placed  higher  up,  bnt 
not  lower  than  one  third  of  the  height  of  the  still  from  the  bottom. 
This  cock  is  kept  tight  against  the  stone  by  a  contrivance  shown 
on  an  enlarged  scale  in  fig.  127.    The  cock  should  not  be  cemented 


THE  WELDON  CHLO&INE-PROOESS.  335 

into  the  acid-pipes  outside^  but  connected  with  them  by  an  india- 
rubber  pipe^  as  otherwise  the  shaking 'of  the  still  easily  loosens  the 
joints  of  the  pipes.  A  similar  cock  is  fixed  close  above  the  bottom 
for  discharging  the  manganese  liquor  at  the  end  of  the  operation, 
unless  it  is  preferred  to  employ  a  stoneware  pipe  continued  into  a 
4-iuch  india-rubber  pipe  squeezed  together  by  an  iron  clamp. 
Some  manufacturers  prefer  this  latter  arrangement  on  account  of 
the  liability  of  earthenware  cocks  to  break ;  but  neither  do  the 
india-rubber  pipes  last  long,  and  their  renewal  costs  much  more 
than  that  of  the  earthenware  cocks,  g  is  the  lid  of  a  man-hole  for 
occasionally  entering  the  still;  another  man-hole  is  made  close 
above  the  bottom,  and  is  closed  t)y  a  wooden  lid  covered  with  a 
sheet  of  iudia-rubber,  pressed  against  a  recess  of  the  stone  by  a 
screw-bolt  arrangement.  Neither  man-hole  need  be  opened  fre- 
quently, as  the  still  but  rarely  requires  cleaning.  There  is  also  a 
stoneware  pipe  with  outlet-cock  for  putting-in  the  glass  liquor- 
gauge  pipe  h  (which  is  kept  tight  in  it  by  a  bit  of  indiarubber 
tubing),  also  a  small  testing-cock,  i,  and  a  gas.pipe,  /,  on  the  top. 
That  the  stills  should  be  erected  on  a  most  substantial  foundation, 
hardly  requires  mentioning. 

For  large  works  the  square  shape  of  still  is  not  so  well  adapted 
as  the  octagonal;  for  it  is  important,  in  regard  to  simplifying  and 
superintending  the  work,  to  employ  only  a  few  stills,  and  conse- 
quently make  them  of  much  larger  dimensions  than  those  here 
stated ;  and  this  cannot  very  well  be  done  with  square  stills,  as 
stones  of  sufficient  size  would  not  be  easily  procurable.  Such  an 
octagonal  still  is  represented  in  figs.  128  and  129,  on  a  scale  of 
1  to  50;  but  at  some  works  they  are  made  even  much  larger,  up  to 
12  feet  wide  and  high.  Fig.  128  is  a  view  from  the  top,  with  part 
of  the  cover  removed;  fig.  129  a  sectional  elevation,  omitting  the 
ironwork.  The  bottoms  in  this  case  cannot  be  made  of  a  sinsrle 
stone;  they  must  be  composed  of  two  or  four  stones,  bound 
together  by  corner-brackets  and  bolts,  a  a.  The  octagonal  sides, 
also  in  two  tiers,  are  joined  at  the  comers  by  india-rubber  cord,  lying 
in  shallow  grooves  of  the  adjoining  faces  (comp.  the  description. 
Vol.  II.  p.  334) .  Or  else  india-rubber  bands  with  raised  edges,  like 
m  m,  are  employed,  and  corresponding  grooves  made  in  the 

stones.  The  stones  are  bound  together  by  the  brackets  bb  and 
screw-bolts ;  sometimes  by  strong  cable-chains,  drawn  up  tight  by 
coupling-screws.    These  do  not  press  immediately  upon  the  side- 


THE  CHLORINE  INDUBTRT. 


THE  WELDON  CBLORtNE-PROC£»&.  337 

atones,  bnt  on  strong  wooden  postSj  of  wfaich  two  are  provided  for 
each  of  the  eight  sides,  and  from  which  the  chains  are  at  the  same 
time  suspended  on  pegs ;  perfect  tension  is  secured  by  means  of 
wedges.  The  top-cover  is  usually  made  dome-shaped;  eight  trian- 
gular stones  rest  with  their  bases  in  recesses  of  the  side-stones ; 
and  their  apices  lean  against  the  head  of  the  atone  steam-column  c, 
shaped  to  snit  this.  The  other  parts  represented  here,  and  noted 
by  the  same  letters  as  the  similar  parts  of  the  square  stills,  require 
no  explanation. 

Fig.  130. 


W-'i  '-  - 


Fig.  130  shows  a  large  hexagonal  chlorine-still  in  a  perspective 
view,  which  especially  illustrates  the  iron  bracings. 

In  the  first  edition  of  this  work,  vol.  iii.  pp.  212  &  218,  the 
details  of  a  contract  for  erecting  a  Weldou  plant  are  given.     As 
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these  date  from  1873,  they  must  now  be  considered  antiquated ;  and 
we  shall  only  remark  that  this  estimate,  referring  to  a  production 
of  6  or  7  tons  bleaching-powder,came  to  a  sum-total  of  £2877  4s»  7d. 
(inclusive  of  steam-boiler  and  shed  for  the  same),  but  at  the  present 
day  the  plant  could  be  erected  much  more  cheaply. 

We  shall  begin  the  description  of  the  work  carried  on  in  Wieldpn's 
chlorine^process  at  the  point  where  the  acid  still-liquor  runs  into 
the  neutralizing-well,  because  in  every  case  the  process  is  com- 
menced with  such  still-liquor,  obtained  f  irom  manganese  ore  in  the 
ordinary  way.  The  liquor  must  be  first  neutralized  by  adding 
calcium  carbonate  till  all  free  acid  has  been  saturated,  and  all 
iron  precipitated  as  hydroxide.  For  this  purpose  ground  chalk, 
limestone,  lime  riddlings,  &c.  are  employed;  the  more  finely  ground 
they  are,  the  less  excess  of  them  is  necessary,  and  the  more  quickly 
the  work  goes  on.  Since  the  mud  left  here  is  not  merely  worth- 
less, but  causes  the  principal  loss  of  manganese  by  mechanical 
absorption,  the  smallest  possible  excess  is  desirable.  Some  &c^ 
tories  employ  milk  of  chalk  made  in  a  mortar-mill,  by  which  the 
neutralization  is  accomplished  at  once  and  without  any  excess  to 
speak  of. 

In  the  neutralizing,  together  with  much  carbonic  acid,  the  free 
chlorine^  never  absent  in  still-liquors,  is  given  off :  hence  the  well 
must  be  kept  covered  and  connected  with  the  chimney  by  a  stone- 
ware pipe.  Too  quick  an  addition  of  lime  causes  the  liquor  to 
froth  over.  The  agitator  must  be  constantly  going  round,  and 
must  be  strongly  built,  as  it  suffers  considerably.  The  process  is 
finished  when  a  sample  of  the  liquor,  poured  on  ground  chalk, 
causes  no  effervescence. 

For  neutralizing  still-liquor  from  native  manganese  ore  very  much 
limestone  is  required,  up  to  four  times  the  weight  of  the  peroxide 
formed.  This  is  avoided  if  the  liquors  from  the  native-manganese- 
stills  are  first  run  through  the  Weidon  mud-stiUs,  in  which  case 
their  free  HCl  is  usefully  employed.  With  liquor  from  recovered 
peroxide  10  to  30  parts  of  ground  chalk  or  limestone  are  re- 
quired for  100  parts  MnO^y  according  to  the  degree  of  division. 

The  neutralized  manganese  liquor,  along  with  the  mud,  is  pumped 
up  to  the  liquor-settlers  H  H  (figs.  115  to  1 17) .  It  is  most  important 
that  it  should  become  perfectly  clear  by  subsidence ;  any  mud 
remaining  in  suspension  not  merely  contaminates  the  recovered 
peroxide  by  calcium  sulphate  (from  the  sulphuric  acid  contained  in 
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the  hydrochloric  acid)^  calcium  carbonate^  ferric  oxide^  &c.^  but  also 
-very  frequently  causes  the  contents  of  the  oxidizer  to  froth  over 
during  the  blowing.  With  muddy  liquors  low-strength  manganese 
mud  with  a  high  ^^  base ''  is  always  obtained. 

The  settling  mostly  takes  but  a  few  hours ;  the  clear  liquor  is 
then  run,  by  carefully  lowering  the  inner  swivel-pipe,  into  one  of 
the  oxidizers,  where  it  is  just  required.  The  mud  can  be  left  in 
the  settlers  H  H  till  it  has  accumulated  too  much — which  of  course 
will  happen  much  sooner  or  later  according  to  circumstances,  often 
after  only  two  or  three  batches.  It  is  then  run  off  by  opening  the 
plugs  /  /,  first  to  some  vessel  (not  shown  in  the  drawing)  where  it 
is  left  to  subside  again  in  order  to  draw  off  the  clear  manganese 
liquor  as  closely  as  possible ;  then  it  is  often  washed — ^but  not  toe 
much,  in  order  to  avoid  diluting  the  manganese  liquor.  The  best 
•effect  is  produced  by  filter-presses,  which  make  any  dilution  un- 
necessary. On  the  more  or  less  careful  way  of  treating  this  waste 
mud  the  loss  of  manganese  in  the  whole  recovery-process  chiefly 
depends. 

Black  (comp.  p.  315)  gives  the  following  analysis  of  waste 
mud;  but  the  large  quantity  of  calcium  carbonate  in  excess 
there  shown  would  certainly  have  been  avoided  by  better  grinding 
sLni  more  careful  employment  of  the  chalk : — 

From  DatiTO  From  recovered 

manganese.  peroxide. 

CaS04    0-68  0-46 

CaCOs    35-64  5515 

MgCOs  0-29  0-75 

CaClj 606  5-71 

MnCls    2-41  1-38 

FejOs 1-83  1-86 

AlsOs 1-57  0-57 

SiO,    1-17  2-10 

HsO&c 50-35  3202 

100-00  100-00 

No  MnOs  is  mentioned  here,  but  this  is  really  never  absent  in 
this  waste  mud.  In  1890  the  average  at  a  well-conducted  factory 
was  2-5  per  cent.  MnOs^  3*0  per  cent.  MnCls^  and  80  per  cent, 
water. 

z2 
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The  clear  liquor  standing  over  the  mud  averages  3*7  lb.  per 
cubic  foot^  or  60  grams  per  litre^  expressed  in  terms  of  MnO^. 

By  a  patent  taken  in  1877  (No.  638)  I  proposed  a  certain  use 
for  this  waste  mud — applied  by  me  at  least  four  years  previously. 
It  contains  much  ferric  oxide  and  often  even  manganese  peroxide, 
and  is  consequently  eminently  adapted  for  disinfecting  the  drainage 
from  old  tank-heaps.  The  way  in  which  it  can  be  employed  for  this- 
purpose  has  been  indicated  in  Vol.  II.  p.  854. 

In  many  cases  this  mud  contains  a  large  proportion  of  calcium 
sulphate,  nearly  all  owing  to  the  sulphuric  acid  present  in  the 
hydrochloric  acid  employed  in  the  chlorine  manufacture^  especially 
in  the  ''roaster^acid'^  (Vol.  II.  p.  415).  This  sensibly  increases 
the  bulk  of  the  mud,  and  thereby  the  mechanical  loss  of  man* 
ganese.  This  is  not  the  case  with  "  pan-acid ''  (the  mud  analyzed 
by  Black  was  of  this  kind),  nor  even  with  roaster-acid,  if  treated 
according  to  Weldon  and  Strype's  patent  (No.  222,  1881 ;  comp. 
Vol.  II.  p.  416)  with  calcium  chloride  (of  which  enormous  quan- 
tities go  to  waste  in  the  Weldon  process),  so  as  to  precipitate  the 
sulphuric  acid  in  the  shape  of  sulphate  of  lime.  This  requires 
about  20  vols,  per  cent,  of  the  chloride-of -calcium  liquor.  The 
CaS04  is  separated  by  a  filter,  consisting  of  a  bed  of  pebbles 
covered  with  sand,  and  is  to  be  employed  after  washing  as  "  pearU 
hardening  ''  (Vol.  II.  p.  721) ;  but  it  is  probably  mostly  thrown 
away.  This  process  is  especially  useful  in  cases  where  the  still- 
liquor  has  been  neutralized,  not  with  calcium  carbonate,  but  with 
manganese  mud  (comp.  below). 

Wigg  (No.  1220,  1882)  patented  the  very  old  process  of  puri- 
fying the  hydrochloric  acid  by  barium  chloride.  The  barium* 
sulphate  is  to  be  fused  with  calcium  chloride,  and  the  barium, 
chloride  formed  is  to  be  quickly  separated  from  the  calcium 
sulphate  by  lixiviating  at  35°  C. 

Weldon  had  proposed  very  early  (pat.  No.  732^  1869)  to  abandon 
the  neutralization  of  still-liquor  by  calcium  carbonate  and  replace 
it  by  treating  it  with  recovered  manganese  ("  Weldon  mud,*'  comp. 
below)  until  neutralized.  In  this  case  the  acid  present  in  the 
still-liquor  first  saturates  the  "  base  "  and  leaves  a  purer  MnOj 
behind,  which  is  suspended  in  the  MnCl]  liquor  and  separated 
from  it  by  settling.  This  saves  the  cost  of  limestone-dust  and  all 
the  loss  caused  by ''  waste  mud  '*  (pp.  338  &  365) .  But  this  cannot 
be  done  except  in  the  case  of  hydrochloric  acid  free  from  sulphuric- 
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^cid ;  for  otherwise  too  much  CaS04  is  mixed  with  the  MnO). 
Hence  the  proposal,  first  to  remove  as  much  sulphuric  acid  as 
possible  by  CaCl^^  before  employing  the  hydrochloric  acid  in  the 
«hlorine-stills^  and  then  to  neutralize  the  still-liquor  with  Weldon 
mud.  But  since  the  CaCls  does  not  remove  all  the  sulphuric  acid 
from  the  hydrochloric  acid^  it  is  necessary  from  time  to  time  to 
neutralize  a  batch  of  still-liquor  by  calcium  carbonate,  which 
causes  all  the  accumulated  sulphuric  acid  to  be  precipitated  as 
CaS04.  According  to  Weldon's  statement  it  was  found  that^  at  a 
factory  where  the  above  process  of  purifying  the  hydrochloric 
acid  was  in  operation,  only  one  batch  in  forty  needed  to  be 
neutralized  with  CaCOs  instead-  of  with  Weldon  mud.  But 
elsewhere  less  favourable  experiences  have  been  made.  At  all 
events  that  process  requires  the  use  of  two  neutralizing  wells; 
nor  does  it  remove  the  never  absent  quantities  of  iron,  alumina, 
and  silica,  which  must  be  got  rid  of  in  some  way.  Hence  it  did 
not  meet  with  any  extensive  application  for  a  long  time. 

Weldon's  proposal  of  1869  was  repeated  by  G.  E.  Davis  in  1888 
(Joum.  Soc.  Chem.  Ind.  1883,  p.  155).  By  a  special  pamphlet, 
published  in  the  same  year,  Weldon  not  merely  claimed  his 
priority,  but  strongly  objected  to  most  of  Davis's  calculations, 
and  opposed  the  notion  that  the  advantages  of  that  process  were 
as  considerable  as  represented.  He  also  declared  Davis's  pro- 
posal, to  remove  most  of  the  calcium  sulphate  in  the  shape  of 
crystals  by  cooling  the  still-liquor  before  neutralization,  to  be 
entirely  impracticable. 

That  process,  abandoned  by  Weldon  himself,  seems  to  have 
been  laid  aside  for  a  long  time.  But  in  1891  it  was  again 
revived,  and  in  1892  it  seems  to  have  become  quite  general  in 
England,  as  shown  by  the  Alkali  Inspectors'  Reports,  xxviii.  p.  44, 
and  xxix.  p.  66.  It  has  thus  become  possible  to  make  a  ton  of 
35  per  cent,  bleach  with  considerably  less  than  45  cwt.  of  salt,  to 
Bave  the  limestone-dust,  and  to  avoid  all  nuisance  by  gases  from 
the  neutralizing- well. 

Precipitation  of  Manganese  Protoxide  from  the  Neutralized 
Liquor. — ^The  chloride-of-manganese  liquor  must  now  be  treated 
with  lime.  For  this  very  pure  lime  (free  from  magnesia  especially)  is 
required,  which  should  be  burnt  down  to  a  maximum  of  2  per  cent, 
of  carbonic  acid,  but  should  not  be  overheated  so  as  not  to  be 
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slaked  easily  and  completely.  The  drawbacks  connected  with  in^ 
complete  burning  are  self-evident;  those  of  partially  burning 
*'  dead  '*  are,  that  the  milk  of  lime,  even  after  straining  througb 
fine  wire  gauze  &c.,  contains  many  minute  grains  of  unslaked  and 
consequently  chemically  inactive  lime^  which  cannot  assist  the 
operation  in  the  oxidizers,  but  remains  behind  as  injurious  ''  base/'' 
causing  a  waste  of  hydrochloric  acid.  The  proper  state  of  the  milk 
of  lime  is  soon  known  from  its  uniform  appearance  and  the  absence 
of  gritty  particles  in  it.  The  damage  done  by  magnesia,  accord* 
ing  to  Weldon,  is  very  great.  Whilst  most  of  the  lime  during  the 
operation  is  converted  into  calcium  chloride  and  its  solution  is 
afterwards  mostly  removed  by  decantation,  the  whole  of  the  mag- 
nesia remains  in  the  manganese  mud  as  part  of  that  portion  of  the 
"base''  which  is  not  combined  with  MnO^.  Having  been  con- 
verted in  the  stills  into  MgCl^^  it  goes  back  to  the  oxidizer  in 
that  state.  So  long  as  any  MnCl,  remains  undecomposed^  the 
MgCla  remains  undecomposed  also;  but  the  first  effect  of  the 
excess  of  lime  is  to  reconvert  the  MgClg  into  MgO,  the  quantity 
of  which  present  is  now  increased  by  that  arriving  fresh  with  the 
lime.  The  magnesia  thus  constantly  accumulates,  causing  the 
mud  to  become  continually  more  and  more  basic,  and  thereby 
increasing  the  consumption  both  of  acid  and  of  lime^  per  unit  of 
chlorine  obtained,  with  every  repetition  of  the  operation.  Tbi& 
evil  may  be,  to  some  extent,  avoided  by  using  more  than  the 
normal  quantity  of  final  liquor,  since,  with  time,  after  the  MnCl^ 
of  the  final  liquor  has  reacted  on  half  the  lime  (see  below)  in 
the  CaOMnOs  it  will  react  on  any  MgO  present  before  reacting 
on  CaO(Mn02)2,  converting  the  MgO  into  MgClg,  some  of  which 
will  then  be  removed  with  the  CaCl2.  This  remedy,  however,, 
can  at  best  be  only  partial,  since  merely  a  portion  of  the  CaClg^ 
present  with  the  mud,  and  therefore  of  any  MgClj  mixed  with 
it,  is  decanted  each  time;  and  it  is,  moreover,  very  expensive,, 
owing  to  the  reaction  of  MnCl^  on  MgO  requiring  too  much 
time.  It  involves  the  risk,  too,  of  impatient  workmen  running 
the  batches  off  before  the  excess  of  MnCl2  has  completely  reacted, 
thereby  occasioning  excessive  loss  of  manganese. 

It  is  thus  evident  that  those  descriptions  of  lime  which  bum  badly 
and  contain  over  1  per  cent,  magnesia  or  other  impurities  are  not 
fit  for  the  Weldon  process.  The  lime  intended  for  this  purpose  is 
not  slaked  in  the  ordinary  way  to  a  dry  powder ;  it  has  been  found 
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that  much  better  and  more  active  milk  of  lime  is  produced  by 
introducing  the  quicklime  directly  into  hot  water.  This  is  done  in 
a  cylindrical  vessel  with  agitator  (comp.  figs.  119  and  120^  p.  330} ; 
a  strainer^  formed  of  perforated  metal  plates^  is  fixed  in  the  upper 
part  of  the  vessel^  into  which  the  quicklime  is  put^  and  which 
retains  stones  and  any  other  coarse  impurities^  while  the  circu* 
lating  water  washes  out  the  liner  particles.  Before  running  into 
the  storage-vessel^  the  milk  of  lime  passes  another  strainer  of 
finely  perforated  sheet  zinc  or  wire  gauze ;  in  larger  works  this 
strainer  is  an  inclined  rotating  cylinder^  at  the  lower  end  of  which 
the  gritty  particles  are  discharged^  while  the  milk  runs  through 
the  fine  holes  in  the  sides  of  the  cylinder.  The  strained  milk  of 
lime  ought  to  be  as  strong  as  possible^  containing  from  20  to 
f^H  lb.  CaO  per  cubic  foot. 

Johnson  and  Hutchinson  (Engl.  pat.  8623^  1885)  promote  the 
formation  of  milk  of  lime  and  its  separation  from  the  impurities 
accumulating  on  the  strainer  by  means  of  a  jet  of  compressed  air. 

The  following  table  shows  the  contents  of  lime  in  the  milk 
according  to  specific  gravities  ;  it  is  valid  for  any  lime  of  ordinary 
purity,  at  a  temperature  of  15° : — 


Degrees 

Grms.  OaO 

Lb.  OaO  per 

Degrees 

Chrms.  OaO 

Lb.  OaO  per 

Twaddell. 

per  litre. 

cubic  foot. 

Twaddell. 

per  litre. 

cubic  foot. 

2 

11-7 

0-7 

28 

177 

IM 

4 

24-4 

1-5 

i          30 

190 

11-9 

6 

371 

2-3 

32 

203 

12-7 

8 

49-8 

31 

34 

216 

13-5 

10 

62-5 

39 

36 

229 

14-3 

12 

75-2 

4-7 

38 

242 

151 

14 

87-9 

5-5 

40 

265 

16-9 

16 

100 

6-3 

42 

268 

16-7 

18 

113 

71 

44 

281 

17-6 

20 

126 

7-9 

46 

1 

294 

18-4 

22 

138 

8-7 

48 

307 

19-2 

24 

152 

95 

60 

321 

200 

26 

164 

10-3 

In  testing  the  following  precautions  must  be  observed : — The 
milk  of  lime  is  placed  in  a  somewhat  wide  cylinder^  the  hydrometer 
is  gently  inserted,  and  the  cylinder  is  slowly  turned  round  on  the 
table^  so  as  to  tmdergo  a  slight  shaking.  The  hydrometer  then 
slowly  sinks  down^  and  the  reading  is  taken  when  it  stops.     If 
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simply  inserted  into  thick  cream  of  lime^  it  stops  at  any  point. 
In  the  case  of  thin  milk^  on  the  other  hand^  the  reading  must  be 
taken  quickly^  before  the  lime  settles  down. 

Supposing  there  is  a  stock  of  well-settled  manganese  liquor 
and  properly  made  milk  of  lime  on  hand,  one  of  the  oxidizers  is 
half-filled  with  manganese  liquor,  of  which  a  large  quantity  must 
be  in  reserve  in  one  of  the  settlers  H  H.  Under  normal  circum- 
stances the  manganese  liquor  would  be  strong  enough  to  correspond 
to  about  3^  lb.  MnOj  per  cubic  foot.  It  is  heated  by  blowing  in 
steam  to  65°  C,  and  milk  of  lime  run  in  while  the  blast  commences 
to  work  slowly.  The  milk  of  lime  is  contained  in  a  gauged  tank; 
and  its  initial  level  is  exactly  noted.  When  the  point  has  been 
approached  at  which  all  manganese  has  been  precipitated,  constant 
testings  are  made ;  and  the  supply  of  lime  is  stopped  as  soon  as 
that  point  has  been  reached.  The  testing  is  done  by  taking  small 
samples  of  liquor  (well  mixed  by  the  blast)  from  the  small  cock  in 
.  the  oxidizer  in  or  near  the  testing-cabin  (p.  327),  filtering  them^ 
and  trying  the  filtrate  for  alkaline  reaction  by  red  litmus-paper. 
This  indicates  very  accurately  any  excess  of  lime,  which  is  much 
more  soluble  in  a  solution  of  CaCl2  than  in  pure  water,  at  least  at 
a  temperature  of  50°  or  60°  C.  The  filtrate  is  also  tested  with 
strong  bleach-liquor,  by  which  no  brown  colour  (from  MnOj)  must 
be  produced.  In  many  factories  the  milk  of  lime  is  pumped  directly 
from  the  vessel  K  (fig.  120),  which  is  provided  with  a  liquor-gauge, 
into  the  oxidizer.  In  this  case  the  pumping  must  cease  directly 
the  point  of  neutrality  has  been  reached :  the  level  of  the  milk  of 
lime  in  K  is  read  off,  and  the  third  or  fourth,  &c.,  still  needed 
(see  below)  is  pumped  in.  It  is  much  safer  and  more  convenient 
to  pump  the  milk  of  lime  at  once  into  the  tank  M,  fixed  above  the 
oxidizers,  or  at  least  at  the  height  of  the  settlers  H  H ;  from  this 
the  milk  of  lime,  by  means  of  a  valve  accessible  from  below,  is  run 
slowly  or  quickly,  as  it  may  be  required,  into  the  oxidizer,  and  that 
by  the  man  in  the  testing-cabin,  who  is  thus  independent  of  the 
man  at  the  pump.  In  any  case  the  number  of  measures  of  milk 
of  lime  used  is  read  off^  and  a  quarter  or  a  third  of  the  quantity 
used  is  run  in  in  excess.  Evidently  any  error  exceeding  the  point 
of  precipitation  in  the  first  addition  must  cause  three  or  four  times 
as  much  error  in  the  second  addition.  Some  works  only  add  one 
fifth.  This  depends  on  the  nature  of  the  lime,  the  strength  of  the 
liquors,  and  other  circumstances  not  quite  explained ;  but  under 
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like  conditions  the  same  excess  is  always  required,  as  is  proved  by 
the  quantity  of  "  final  liquor  "  used  at  a  later  stage.  When  work- 
ing with  liquors  from  native  manganese,  i.  e.  starting  the  process 
from  the  first,  the  second  addition  of  lime  should  not  be  made  all  at 
once,  but  in  several  portions  at  intervals  of  a  quarter  of  an  hour, 
lest  a  ''  stiflF  batch  "  be  produced. 

Blowing. — As  soon  as  the  second  addition  of  lime  has  been 
made,  i.  e.  as  quickly  as  possible  after  precipitating  the  manganese 
as  MnO,  the  blast  is  put  on  with  full  strength  and  kept  at  this ; 
otherwise  a  "  stiff  batch  ^'  would  be  produced,  as  inversely  a  "  red 
batch  '*  is  formed  when  the  blast  is  put  on  fully  before  the  lime 
has  been  put  on.  We  shall  discuss  these  phenomena  later  on. 
At  this  stage  the  contents  of  the  oxidizer  consist  of  a  mixture  of 
hydrated  manganese  protoxide  and  free  calcium  hydrate,  the  former 
suspended,  and  the  latter  partly  suspended  and  partly  dissolved,  in 
solution  of  calcium  chloride.  The  chief  reason  why  an  excess  of 
lime  is  added  is  the  fact,  discovered  by  Weldon,  that  when  man- 
ganese hydroxide  is  treated  by  atmospheric  air  in  presence  of  a 
soluble  base,  very  much  more  of  it  is  converted  into  MnOg,  and 
that  in  very  much  less  time,  than  when  manganese  hydroxide  alone 
is  so  treats.  At  the  temperature  actually  employed  in  the  Weldon 
oxidizer,  in  the  absence  of  any  base  other  than  itself,  only  one 
third  of  the  Mn(0H)2  would  become  peroxidized,  the  product 
being  red  oxide,  or  Mn304 ;  if  the  operation  were  performed  at  the 
temperature  of  the  atmosphere,  and  the  treatment  with  air  con- 
tinued sufificiently  long,  one  half  of  the  Mn(OH)s  would  become 
4X>nverted  into  MnO,,  but  not  more  than  half,  however  long  the 
treatment  with  air  might  be  continued.  The  product  of  the  treat- 
ment of  Mn(0H)8  alone  by  air  in  the  wet  way  is  thus  always  a 
^'  manganite  of  manganese  '* — either  Mn804,  consisting  of  one  of 
MnOj  combined  with  two  of  MnO,  or  MngOs,  consisting  of  one  of 
MnO^  combined  with  one  of  MnO,  according  to  the  temperature 
at  which  the  operation  is  performed.  The  fact  that  the  whole  of 
the  Mn(OH)s  can  be  converted  into  MnO^  if  a  full  equivalent  of 
lime  be  present,  Weldon  explains  as  being  due  to  CaO  replacing, 
and  so  permitting  to  become  peroxidized,  the  MnO  which  would 
otherwise  become  locked  up  in  combination  with  MnOj, 

The  principal  advantage  of  this  displacement  of  MnO  by  CaO 
oonsists  in  the  fact,  already  referred  to,  that  to  obtain  a  given 
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quantity  of  MnO^  in  the  state  of  calcium  manganites  requires  less^ 
than  a  tenth  of  the  time^  and  consequently  less  than  a  tenth  of  the- 
coal,  and  less  than  a  tenth  of  the  apparatus,  which  would  be 
required  to  obtain  the  same  quantity  of  MnOj  as  MugOs.  While 
MnOs,  recovered  from  still-liquors  in  the  state  of  calcium  manga- 
nites, is  very  much  less  costly  than  native  manganese  ore,  MnO^ 
similarly  recovered  as  MugOs  would  thus  be  very  much  more  costly 
than  native  manganese.  But  this  substitution  of  CaO  for  MnO 
has  a  further  advantage.  While  the  richest  product  which  can  be 
obtained  by  treating  Mn(0H)2  alone  by  air  in  the  wet  way  is- 
MugOj,  containing  a  full  equivalent  of  combined  "  base,"  and  so- 
consuming  6HC1  per  2C1  liberated  by  it 

(MnA + 6HC1 = 2MnCl2 + 3H,0 + 2C1), 

a  portion  at  any  rate  of  the  Weldon  product  consists  of  an  *'  acid 
manganite,"  CaO(Mn02)2,  or  CaMusO^,  which  consumes  one-sixtb 
less  acid  than  MujOs  consumes,  giving  4C1  for  lOHCl : 

CaO(MnO2)2  +  10HCl=CaCl2+2MnCl2  +  5H8O  +  4Cl. 

The  proportion  of  this  acid  manganite  is  sometimes  sufficient  ta 
reduce  the  ''  base ''  in  the  Weldon  product  to  0*6  of  an  equivalent 
per  1*0  equivalent  of  Mn02,  but  the  combined  base  together  with 
the  basic  bodies  not  combined  with  MnOj,  but  present  as  acci* 
dental  impurities,  more  usually  amounts  to  0*7.  With  0*7  of  base,, 
however,  the  Weldon  product  consumes  only  5*4  HCl  for  each 
6HC1  which  would  be  required  by  MnsOs ;  while  its  regeneration 
moreover  requires  only  1-7  CaO  per  1*0  of  MnOg  in  it,  instead  of 
the  2*0  CaO  which  would  be  required  for  the  production  from 
2MnCl2  of  10  of  MnOg  as  MnjOg. 

A  consumption  of  5*4  HCl  per  2  CI  is  much  greater  than  that 
calculated  for  pure  MnOj.  But  manganese  peroxide  very  rarely 
occurs  in  nature  free  from  lower  manganese  oxides  and  other 
matters  absorbing  acid,  especially  ferric  oxide ;  and  such  pure  ore- 
is  not  at  all  accessible  to  the  bleaching-powder-maker,  owing  ta 
its  high  price.  Actually,  in  the  best  case  as  much  acid  is  required 
with  native  manganese  as  with  the  regenerated  peroxide,  and  nearly 
always  much  more  with  the  former,  because  incomparably  more 
free  acid  must  be  left  in  the  still-liquors  than  when  the  thin  mud 
of  recovered  peroxides  is  made  use  of. 

The  "manganites''  alway  cited  in  the  Weldon  process  have 
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certainly  never  been  examined  in  a  pure  and  absolute  state ;  they 
are  in  any  case  amorphous  compounds^  always  mixed  with  impu- 
rities. But  there  are  some  good  reasons  for  assuming  that  such 
compounds  do  exist ;  for  it  has  been  noticed  that^  in  the  action  of 
MnCls  in  excess  upon  the  compound  CaOyMnOg  (or  a  mixture 
equivalent  to  this  in  composition^  one  of  which  must  be  formed  in 
the  Weldon  process)^  one  half  of  the  CaO  acts  differently  from  the 
other  half.  Two  reactions  in  fact  take  place^  one  instantaneously, 
the  other  requiring  much  time.  The  first  furnishes  acid  calcium 
manganite  and  free  Mn(0H)2 : 

2CaO,Mn08 + MnCl, + 2H,0 = CaHa  (MnOa)  2  +  CaClj + Mn  (OH)^. 

The  other  produces  no  free  Mn(0H)2,  but  simply  converts 
CaH2(Mn03)2  into  the  corresponding  manganite  of  manganese : 

CaHjCMnOa), + MnClj = CaClg + MnHg  (MnOg)  2. 

The  acid  properties  have  been  denied  by  Post  (Ber.  d.  deutsch. 
chem.  Ges.  1879,  pp.  1454,  1539 ;  Verb.  Ver.  Gewerbefl.  1879, 
p.  464;  Dingl.  Journ.  ccxxxvi.  p.  225,  ccxxxix.  p.  74) .  His  papers 
have  been  completely  refuted  by  Weldon  (Chem.  News,  xli.  pp.  129, 
179, 181;  xlii.  pp.  10, 19)  and  myself  (Dingl.  Journ.  ccxxxv.  p.  300; 
ccxxxvi. pp.  231,236;  ccxlii.p.371);  also  indirectlyby  the  numerous 
papers  of  other  chemists,  Bammelsberg,  Stingl  and  Morawsky, 
Wright  and  Mencken,  van  Bemmelen,  and  especially  Gorgeu,  all  of 
whom  have  proved  the  acid  nature  of  Mn02  beyond  contradiction. 

While,  by  using  a  full  equivalent  of  excess  of  lime  in  the  Weldon 
process,  the  whole  of  the  Mn(0H)2,  or  the  whole  of  it  within  1 
or  2  per  cent.,  can  be  converted  into  Mn02,  a  full  equivalent  of 
excess  of  lime  is  never  now  used  in  practice.  The  use  of  so  large 
an  excess  would  be  too  apt  to  give  "stiff  batches''  (see  below) ^ 
and  would  have  no  corresponding  advantage.  It  would  yield  a 
product  consisting  almost  entirely  of  CaOMn02,  and  so  containing 
a  full  equivalent  of  combined  base ;  and  although  this  might  be 
reduced  to  0*7  by  acting  on  one  half  of  the  lime  in  that  compound 
by  MnClj,  and  oxidizing  the  resulting  free  Mn(0H)2,  the  quantity 
of  final  MnCl2  required  would  be  inconveniently  large.  It  is  found 
better  to  use  only  from  0*6  to  0'7  of  excess  of  lime ;  and  in  the  best- 
managed  works  the  proportion  of  excess  used  is  never  less  than 
0*6  or  greater  than  0'7,  whether  the  nominal  excess  be  one  half, 
as  in  works  where  the  lime  is  of  such  quality  that  the  manganese 
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19  all  precipitated  by  about  1*1  eq.  CaO,  or  whether  it  be  only  one 
fifths  as  in  works  using  a  description  of  lime  acting  so  much  less 
readily  that  1*3  to  1*4  eq.  has  to  be  added  before  the  manganese 
is  completely  precipitated.  With  0*6  eq.  of  excess  of  lime,  the 
d^ree  of  oxidation  obtained  is  usually  about  86  per  cent.,  the 
product^  before  the  final  liquor,  consisting,  in  Weldon's  view,  of: — 

O-U  MnO  }'''  ^°''°»'  ^^  MnOMnO,. 
0-48  Ca'o  4  •"  ^''^°°»'  °'  CaOMnO,. 
012  CaC?' }  '^  CaMn,0.,  or  CaO(MnO,),. 

Siich  a  product  contains  0-14+0'48  +  0'12=0-74  total  protoxides 
per  0-14 +0-48 +  0-24= 0-86  MnO,,  or  0-86  eq.  "base''  per  eq.  of 
MnOs.  K  MnCls  be  added  to  it  until  the  filtrate  from  a  sample 
gives  a  manganese  reaction,  it  will  decompose  0*24  eq.  MnClsi 
being  the  quantity  corresponding  to  one  half  the  lime  in  its  0*48 
of  CaOMnO.  If  the  treatment  by  air  be  then  continued  until 
absorption  of  oxygen  ceases,  the  0*24  of  further  Mn(OH),  so 
obtained  will  become  MugO^,  or  MnjOg,  according  to  temperature. 
If  it  becomes  Mn304,  the  final  product  will  consist  of: — 


014  MnO 

0-14  MnO    f*«^^  2   8 

008  MnOa 


*  >  as  MujOg. 

0-16  MnO  J  * 

0*72  MnOa")        ri  n/n/r  n\ 
^  «^  /^  AX     z-as  CaOfMnOoJo. 
0-36  CaO    J  ^         ^^* 

If  the  Mn(0H)2  becomes  Mn^Oa,  the  final  product  will  consist 
of:— 


^  >  as  MnoOa. 


0-26  MnOi 

0-26  MnO   ^  ^   ^ 

0*72  MnOg")       n  nf\j[^r\  \ 
0-36  CO  7  "  C.O(MnO,),. 


} 


The  base  in  the  former  case  will  be  014+0-16+0-36=0-66  per 
0-14 +0-08 +  0-72 =0-94  MnOj,  or  0*7  eq.  per  eq.  MnOj,  while  the 
Average  degree  of  oxidation  will  have  been  reduced  from  86  per 
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cent,  before  final  liquor  to  75*8  per  cent,  at  the  end  of  the  opera- 
tioD.  In  the  latter  case,  the  final  base  will  be  0-26 +  0'86= 0-62: 
per  0-26 +  0-72 =0-98  MnOj,  or  0-632  per  eq.  MnOg,  and  the 
average  degree  of  oxidation  at  the  end  will  be  79  per  cent. 

The  proportions  of  base  here  spoken  of  refer  only  to  the  combined 
base.  There  are  always  present,  however,  as  impurities,  basic 
bodies  not  combined  with  Mn02,  and  especially  small  quantities 
of  MgO  and  CaCOa-  The  total  "  base/^  as  shown  by  the  ordinary 
methods  of  testing  Weldon  mud,  includes  these  impurities.  These 
impurities  should  never  be  present  in  sufficient  quantity  to  raise 
the  total  base  above  0'7, 

The  quantity  of  lime  which  must  be  run  into  the  oxidizer,  before 
a  filtered  sample  ceases  to  give  the  manganese-reaction  with  bleach- 
ing-powder,  difiers  according  to  circumstances,  but  always  exceeds 
the  exact  equivalent  of  the  manganese  present.     Freshly  precipi- 
tated Mn(0H)2  is  soluble  to  a  sensible  extent  in  a  neutral  solution 
of  calcium  chloride,  and  is  indicated  by  bleaching-powder  and  other 
reagents.    Hence  the  reaction  with  bleach-liquor  only  ceases  when 
a  certain  amount  of  lime  over  and  above  the  equivalent  has  been 
added,  and  thus  oxychloride  has  been  formed.     Moreover  all  the 
molecules  of  CaO  in  the  milk  of  lime  do  not  take  part  in  the  re- 
action upon  manganous  chloride:  there  are  always  coarser  particles 
present,  which,  during  the  few  minutes  occupied  by  the  precipi- 
tating process,  have  no  time  to  act  upon  MnClg.   But  these  coarser 
particles  of  lime  are  afterwards  entirely  dissolved  in  the  hot  solution 
of  calcium  chloride,  and  contribute  to  form  the  ''  base  ^'  of  the 
manganese  during  the  blowing.     According  to  the  quality  of  the 
lime,  its  degree  of  hydration  and  division,  and  the  more  or  less 
careful  straining,  a  different  excess  of  it  will  be  required  before 
the  manganese  reaction  ceases  to  be  produced  in  a  filtered  sample. 
The  minimum  of  lime  required  for  this  is  I'l,  the  maximum  1*45 
equivalent.     It  is  best,  as  has  been  said,  not  to  employ  less  than 
1'6  equivalent  of  lime;  only  then  is  a  well-settling  mud  obtained, 
from  which  more  calcium-chloride  liquor  can  be  drawn  off  than 
from  a  mud  not  settling  so  well.    Thus  a  stronger  mud  (containing 
more  MnOj  in  a  given  bulk)  is  obtained  for  the  chlorine-stills  than 
by  employing  less  lime.     This  is  very  important,  even  more  so 
than  a  very  low  base,  because  it  saves  coals,  acids,  space,  and 
labotir,  and  less  manganese  is  lost.   Usually  from  12  cwt.  to  14  cwt. 
of  lime  per  ton  of  bleaching-powder  are  required  for  the  recovery 
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process  (i,  e.  about  as  mucli  as  in  the  bleaching-powder  boxes). 
These  quantities  include  the  portion  which  is  sifted  out  in  making 
the  milk  of  lime^  and  which  thus  does  not  go  into  the  oxidizer. 
According  to  the  quality  of  the  lime  employed^  more  is  sifted  out 
in  some  works  than  in  others. 

The  calcium  chloride  always  present  in  Weldon  liquors  plstys  a 
most  important  part  in  the  process,  as  Weldon  himself  pointed 
out  at  an  early  period.  At  well-managed  factories  they  regularly 
test  the  liquors  for  CaCl^,  and  in  case  of  need  add  some  of  this  salt. 
Where  it  is  deficient,  "  stiflf  batches ''  are  the  consequence.  At 
Aussig,  e.  ff.,  I  found  that  the  rule  was  to  keep  to  2^  mols.  CaClg 
for  each  mol.  MnClg. 

The  Salzbergwerk  Neu-Stassfiirt  (Germ.  pat.  53756)  feeds  the 
HCl-condensers,  connected  with  the  salt-cake  furnaces,  with  a 
solution  containing  15  per  cent.  CaClg,  in  order  to  introduce  more 
of  this  salt  than  usual  in  the  Weldon  process. 

The  first  accurate  investigation  on  the  part  played  by  calcium 
chloride  in  the  Weldon  process  was  made  by  myself  together 
with  Zahorsky  (Zsch.  f.  angew.  Chem.  1892,  p.  631).  The  first 
consideration  is  that  a  CaClj  solution  dissolves  more  lime  than 
pure  water,  which  must  promote  the  oxidation.  Since  no  exact 
observations  on  the  solubility  of  CaO  in  CaClg  solutions  were 
available,  this  want  was  supplied  by  constructing  the  following 
table: — 

Solubility  of  Lime  in  solutions  of  Calcium  Chloride  at  different 
Temperatures,  in  terms  offframs  CaO  per  100  cub.  cent,  solution. 


Percentage  of  GaOl, 
in  solution. 


0  %  OaCL, 

5 
10 
15 
20 
26 
dO 


20°. 

40°. 

60°. 

80°. 

100°. 

01374 

0-1162 

01026 

0-0846 

00664 

0-1370 

01160 

01020 

0-0986 

0-0906 

0'16«1 

01419 

01313 

01328 

01389 

0-1993 

01781 

01706 

0-1736 

01842 

01867* 

0-2249 

0-2204 

0-2295 

0-2326 

0-1661* 

0-3020* 

0-2989 

0-3261 

0-3714 

01630* 

0-3684* 

0-3664 

0-4112 

0-4922 

(In  the  cases  marked  with  an  asterisk  a  precipitate  of  calcium 
oxychloride  was  formed,  which  removed  some  CaClg  from  the 
solution.) 

The  solubility  of  lime  in  solutions  containing  up  to  10  per  cent. 
OaCl^  at  ordinary  or  slightly  raised  temperatures  does  not  differ 
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fnnch  from  that  in  pure  water^  no  oxychloride  being  formed.  At 
liigher  temperatures  more  CaO  is  dissolved,  and  this  increases 
-even  more  with  the  concentration  of  the  CaClj  solution,  until 
the  state  of  matters  is  modified  by  a  precipitation  of  solid  oxy- 
-chloride. 

The  dissolving-power  of  CaCL,  solution  for  MnO  and  Mn02  will 
he  mentioned  later -on. 

Our  experiments  were  made  in  the  laboratory  with  the  aid  of  a 
49mall  blowing-engine,  under  conditions  as  nearly  as  possible 
•equivalent  to  those  of  actual  work;  at  all  events  they  led  to 
results  capable  of  comparison.  Owing  to  the  lesser  depth  of 
layer,  the  oxidation  took  more  time  than  on  the  large  scale,  viz. 
10  hours,  but  the  results  were  equal  to  the  best  obtainable  in 
■actual  work.  The  experiments  (which  are  described  in  detail 
.loc.  cit,)  showed,  to  our  surprise,  that  in  the  first  stage  of  the 
process  the  oxidation,  that  is  the  formation  of  calcium  manganite, 
took  place  all  the  more  slowly  the  more  CaCI^  was  present,  e.  g. 
with  1  mol.  CaClg  six  times  as  fast  as  with  6  mols.  But  this 
changes  steadily  as  the  blowing  goes  on;  after  six  hours  an 
equilibrium  is  reached,  and  up  to  10  hours  the  degree  of  oxidation 
regtUarly  increases  vnth  the  quantity  of  CaCl^  present.  With 
1  mol.  CaClg  77*25  per  cent,  of  the  Mn  was  converted  into 
MnOg,  with  3  mols.  CaCl^  83*3  per  cent.,  with  6  mols.  85*5  per 
<€ent.,  and  on  further  two  hours'  blowing  89*13  per  cent. 

This  leads  to  the  conclusion  (with  all  the  reserve  necessary  in 
<;omparing  our  results  with  work  on  the  large  scale)  that  the  best 
proportion  is  3  mols.  CaCIg  for  1  Mn.  Below  8  mols.  the  oxida* 
tion  is  too  slow;  to  add  more  is  troublesome  and  increases  but 
slightly  the  percentage  of  MnClg  unless  the  time  of  blowing  is 
increased  as  well,  which  is  not  sufficiently  profitable. 

If  this  useful  action  of  the  CaCIg  were  a  consequence  of  its 
^ssolving-power  for  CaO,  other  substances  acting  similarly  on 
OaO  ought  to  promote  the  oxidation  in  the  same  way.  But  experi- 
ments made  in  this  direction  with  KCl  and  NaCl  yielded  negative 
results. 

We  must  therefore  take  into  consideration  the  solubility  of 
manganese  protoxide  in  CaCl^  liquors,  which  has  been  already 
observed  by  Weldon  (Chem.News,  1869,  xx.  p.  109),  and  which  we 
have  confirmed  with  the  addition  that  the  solubility  of  Mn(OH)s 
increases  with  the  percentage  of  CaClj,  colourless  solutions  being 
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formed.  Weldon  observed  that  the  further  oxidation  of  the 
mechanically  suspended  protoxide  is  retarded  by  the  presence  of 
dissolved  MnO  compounds;  the  contrary  takes  place  if  at  the 
same  time  CaO  is  present.  In  this  case  ''  port-wine  coloured '' 
solutions  are  formed^  which  Weldon  took  to  be  solutions  of  calcium 
manganite  in  a  solution  of  calcium  oxychloride.  We  examined 
these  liquids  more  closely^  and  we  found  that  we  have  here 
not  a  simple  solution^  but  probably  a  manganese  dioxy-chloride, 
Cl-Mn-Oa-Mn-Cl,  is  formed.  The  opposite  behaviour  of  solutions 
of  MnO  and  MnOj  in  CaClj  during  the  oxidation  of  MnO  by  O  led 
us  to  the  following  explanation  of  the  action  of  CaCis^  which  at 
first  retards'^  and  afterwards  hastens  the  process. 

The  CaClj  dissolves  part  of  the  suspended  Mn(OH)s  and  the 
latter  then  retards  the  oxidation  of  the  undissolved  Mn(0H)2. 
The  more  CaCl2  is  present  the  more  Mn(0H)8  is  dissolved  and 
the  more  its  retarding  effect  comes  into  play.  But  as  the  oxidation 
still  proceeds,  gradually  the  MnOj,  or  ratherthe  CaMnOs,  increases^ 
it  is  partially  dissolved,  and  yields  the  "  port- wine  solutions  "  in 
which  the  oxidation  is  hastened.  Thus  after  a  certain  time  the 
retarding  action  of  the  dissolved  MnO  is  paralyzed  by  the  quicken* 
ing  action  of  the  dissolved  MnO^,  and  ultimately  the  latter 
prevails  over  the  former.  In  that  stage,  as  more  MnOj  is  dissolved 
the  more  CaClj  is  present,  the  rate  of  oxidation  must  increase  with 
an  increase  in  the  quantity  of  CaCl2. 

A  further  step  in  the  investigation  of  the  part  played  by  the 
CaCl2  has  been  made  by  J.  Wiernik  (Zsch.  f.  augew.  Chem.  1894, 
p.  257),  who  based  his  conclusions  on  analyses  of  charges  obtained 
on  the  large  scale  with  liquors  contaiping  from  1-92  to  2'2  mols.r 
CaClg  to  1  mol.  MnCl,.  He  showed  that  the  rate  of  oxidation  is 
not  influenced  by  the  concentration  of  the  manganese  liquor,  nor 
by  the  concentration  or  the  rate  of  addition  of  the  milk  of  lime. 
The  percentage  of  MnOg  is  not  directly  dependent  on  that  of 
the  CaCl2  in  the  liquors,  but  (apart  from  the  intensity  of  the  current 
of  air)  upon  the  quantity  of  the  lime,  and  therefore  indirectly  also 
upon  that  of  calcium  chloride,  as  the  quantity  of  lime  cannot  be 
increased  by  itself,  on  account  of  the  danger  of  "  stiff  batches,^' 
unless  at  the  same  time  that  of  CaCl^  is  increased.  Practically,. 
therefore,  an  increase  of  CaClj  is  useful,  as  in  this  case  more  lime 
can  be  employed,  much  more  MnOg  can  be  formed,  and  proper 
settling  can  be  obtained  without  excessive  blowing.     Concerning 
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the  maimer  in  which  the  CaCl^  exerts  its  action,  Wiemik  agrees 
with  the  explanation  given  by  myself  and  Zahorsky. 

Flniahing  the  charge, — We  now  revert  to  the  commencement 
of  the  operation  in  the  oxidizer.  Supposing  the  proper  amount  of 
lime  to  have  been  added,  the  blowing  is  continued  till  the  formation 
of  MnOj  ceases.  The  colour  of  the  thin  mud,  at  first  light  yellow, 
changes  into  brown  and  finally  into  deep  black.  The  oxidation 
goes  on  more  or  less  quickly,  according  to  the  proportion  borne 
by  the  volume  of  air  blown  in  to  that  of  the  mass  treated;  but  it 
is  a  general  experience  that  the  final  result  is  much  more  favourable 
when  a  very  strong  current  of  air  is  applied, — and  that  a  longer 
application  of  a  less  powerful  current  of  air  does  not  act  so  well, 
even  if  the  total  bulk  of  air  forced  through  is  the  same.  Hence 
much  stronger  blowing-engines  are  employed  now  than  formerly 
(p.  329) .  Of  course  the  efKciency  of  the  blast  increases  with  the 
depth  of  the  mass  to  be  treated,  and  with  the  quantity  of  MnO 
contained  in  a  given  bulk  of  the  same.  Under  favourable  circum- 
stances an  hour's  work  of  40  to  45  H.P.  in  the  blowing-engine 
suffices  for  regenerating  as  much  peroxide  as  will  turn  out  one 
ton  of  37-per-cent.  bleach  (comp.  p.  329).  For  one  ton  of  actual 
MnOa,  with  very  good  work,  280,000  cubic  feet  of  air  are  required^ 
containing  58,800  cubic  feet  of  oxygen.  Weldon  cites  cases  where 
to  a  ton  of  MnOj,  270,000,  158,000,  and  180,000  cubic  feet  of  air 
are  required,  t. e.  much  less  than  just  stated;  but  these  figures 
refer  to  very  deep  oxidizers.  On  the  other  hand,  frequently  twice 
as  much  air  is  used,  viz.  600,000  cubic  feet. 

When  the  process  is  first  Started,  testings  have  to  be  performed 
every  half-hour  during  the  whole  operation,  in  the  manner  to  be 
described  below,  in  order  to  observe  whether  the  formation  of  MnOjj 
is  still  proceeding ;  this  is  not  essential  afterwards,  as  it  is  then 
known  how  long  it  is  necessary  to  blow.  In  the  apparatus  formerly 
worked  by  myself  the  limit  of  this  period  was  reached  afler 
three  hours ;  but  with  other  apparatus  it  may  take  two  or  five 
hours,  according  to  circumstances ;  three  to  four  hours  is  the 
average  with  smaller,  two  and  a  half  hours  with  large  blowing- 
engines.  The  alkaline  reaction  (which  must  always  be  sought  for 
in  the  filtrate  from  a  sample)  should  be  quite  perceptible  for  at 
least  an  hour  after  the  commencement  of  blowing;  afterwards  it  is 
weaker  ;  and  it  should  entirely  cease  towards  the  end  of  this  first 
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period.  If  it  ceases  too  soon^  there  has  been  too  little  excess  of 
lime ;  if  it  does  not  cease  at  all^  there  has  been  too  much.  But  the 
last-mentioned  fault  can  be  corrected  in  the  now  commencing  final 
stage  by  an  increased  addition  of  ''  final  liquor.**  We  have  seen 
above  that  there  must  be  always  a  good  stock  of  settled  manganese 
liquor  reserved  at  a  sufficient  height. 

When  the  Mn02  in  the  mixture  no  longer  increases^  some  more 
chloride-of-manganese  liquor  is  run  in,  without  stopping  the  blast ; 
this  is  the  ''final  liquor.*^  Its  object  is  to  act  upon  half  the  lime 
existing  as  CaMn03i  according  to  the  equation 

2CaMn03 + MnCl^ + HaO = CaMnA  +  Mn  (OH)  j + CaCl,, 

and  thus  to  reduce  the  base,  by  obtaining,  without  using  more 
lime,  more  protoxide  of  manganese,  which  is  afterwards  converted 
into  a  higher  oxide.  The  final  liquor  is  first  added  until  the 
filtrate  from  a  sample  of  the  mixture  gives  the  brown  manganese 
reaction  with  bleach-liquor;  this  reaction  ceases  after  a  few  minutes, 
all  dissolved  manganese  having  been  precipitated.  Then  a  little 
more  final  liquor  is  added,  and  the  blowing  continued  till  the  filtrate 
from  a  further  sample  ceases  to  be  coloured  by  bleach-liquor;  and 
this  is  continued  till  it  is  seen,  from  the  time  which  it  takes  to 
''  blow  out*^  the  manganese,  that  the  limit  is  reached.  Now  the 
blowing  is  continued  a  little  longer,  till  the  filtrate  remains  un*- 
doubtedly  clear  when  bleach-liquor  is  added;  and  at  last  the  whole 
contents  of  the  oxidizer  are  discharged  into  one  of  the  settlers.  In 
my  case  this  final  period  regularly  lasted  1^  hour ;  so  that  the 
whole  operation,  from  commencing  the  blowing  proper  to  running 
off,  took  4^  hours.  If  even  the  first  final  liquor  cannot  be  easily 
''  blown  out,*'  it  is  a  sign  of  too  little  lime ;  if,  on  the  other  hand, 
very  much  final  liquor  is  used,  there  has  been  too  much  lime ;  and 
these  things  have  to  be  rectified  in  the  next*  batch.  The  total 
amount  of  MnOj  per  cubic  foot  is  not  always  increased  in  the 
final  stages  ;  sometimes  it  is  even  lowered ;  but  the  base  is  always 
diminished.  *  * 

The  progress  of  the  oxidation  will  be  made  clear  by  the  following 
statements.  Commencing  with  a  manganese  liquor  containing 
MnClj  corresponding  to  8*2  lb.  MnO^  {^possible  MnOj),  this  would 
be  diluted  about  ^  by  the  steam  and  the  milk  of  lime.  After  one 
hour's  blowing,  1  '02  lb.  MnO^  per  cubic  foot  is  found;  after  1  ^  hour^ 
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1-6  lb.;  after  2  hours,  185  to  2*05  lb.;  after  2^  hours,  2-05  to 
2'3  lb. ;  after  3  hours  about  the  same  quantity.  The  base  is 
now  about  0'8  or  0*9.  Now  the  final  liquor  is  added;  and  after 
4J  hours  there  are  2*25  to  2'8  lb.  MnOg  per  cubic  foot ;  the  base 
is  =0-67.  Below  0*6  base  it  is  not  easy  to  get;  above  0*75  the 
work  is  decidedly  bad.  The  above  strength  would  correspond 
tto  about  80  per  cent,  of  all  the  manganese  being  present  as 
MnOg,  the  remaining  20  per  cent,  as  MnO.  At  a  very  well 
•conducted  English  factory  visited  by  me  in  1890  the  average 
percentage  of  MnOg  was  2^  lb.  per  cubic  foot  (60  grms.  per  litre), 
^he  base  0*7,  and  the  degree  of  oxidation  ^11  or  78  per  cent. 

All  that  now  remains  is  the  concentration  of  the  manganese  mud, 
which  otherwise  would  become  indefinitely  diluted  by  the  acid,  the 
milk  of  lime,  &c.  The  contents  of  the  oxidizer  are  run  past  the 
valve  »,  through  the  main  pipe  e  e,  into  one  of  the  mud-settlers  S  S 
(figs.  115-117).  Under  normal  conditions  the  thin  mud  separates 
after  a  few  hours  into  a  clear  solution  of  calcium-chloride  liquor 
jund  thicker  mud ;  waiting  for  several  days  would  not  make  much 
^lifference,  and  would  require  much  more  plant  and  ground.  The 
dear  liquor  is  drawn  oflF  by  the  pipe  i,  turning  round  a  swivel  in- 
side the  settlers  and  continued  outside.  When  it  is  in  its  upright 
position,  nothing  runs  out ;  and  by  gradually  lowering  it  the  clear 
CaClj  liquor  can  be  run  oflT  without  disturbing  the  sediment.  The 
CaCl^  liquor  ought  never  to  be  run  to  waste  straight  from  the 
settlers,  but  should  always  pass  through  a  catch- well,  say  one  or 
two  large  tubs,  in  which  the  movement  of  the  liquor  is  very  much 
xetarded;  at  the  bottom  of  these  tubs  gradually  a  good  deal  of 
peroxide  mud  accumulates.  The  thicker  mud  contains  at  least 
twice,  and  may  even  contain  three  times  as  much  Mn02  as  the 
thinner  (up  to  7  lb.  per  cubic  foot)  ;  it  is  still  liquid  enough  to  be 
run  for  a  hundred  yards  in  4-inch  pipes,  if  this  should  be  necessary 
irom  local  circumstances. 

The  operations  in  the  oxidizer  may  be  represented  in  the  follow- 
ing way,  neglecting  the  fact  tAat  from  the  commencement  the  liquor 
contains  some  calcium  chloride.  All  numbers  are  to  be  imderstood 
AS  denoting  equivalents,  not  simple  weights. 

1st  operation :  Charging  the  oxidizer  and  adding  the  lime. 
100  MnClg  +  leOCaO  =  lOOMnO  +  60CaO  +  lOOCaClg. 

2'a2 
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2nd  operation :  Blowing. 

lOOMnO + 60CaO  +  860 

= SeMnOj  +  14MnO  +  60CaO. 
=48CaOMn03+ 14MnOMn02+  12Ca02Mn03. 
=86Mn02  +  74(CaO  and  MnO). 

3rd  operation :  Adding  the  final  liquor. 

48CaOMn09 + 24MnCLj= 24Ca02Mn02  +  24MnO  +  24CaCl8. 

4tli  operation  :  Second  blowing. 
24MnO  + 120 = 12MnOMn02. 

Apart  from  calcium  chloride^  there  remain : — 

from  the  2nd  operation,  14MnOMn02  +  12Ca02Mn02 ; 

„        3rd         „  24Ca02Mn03; 

„         4th         „  12MnOMn03: 

altogether  26MnOMn02  +  36Ca02Mn02, 

or  QBMnOg  +  36Ca0 + 26MnO. 

Hence  upon  100  equivalents  of  manganous  oxide  originally  em- 
ployed, and  24  added  later  on,  there  are  obtained : — 

1st,  98  equiv.  MnO^,  instead  of  124  possible,  i.  e.  about  79 
per  cent. 

2nd,  62  equiv.  bases,  viz.  36CaO  and  26MnO. 

By  adding  the  final  liquor,  the  proportion  of  MnO^  to  MnO  ha» 
been  lowered  from  86  to  79  per  cent. ;  but  the  bases  have  been 
diminished  even  more,  viz.  from  74  to  62. 

Now  and  then  in  oxidizing  two  faulty  kinds  of  operations^ 
occur,  which  are  very  awkward  and  spoil  the  batch.  Batches- 
thus  aflFected  are  known  as  '^  red ''  or  "  foxy,"  and  *^  thick  '^  or 
''  stiff.''  A  red  batch  happens  when  the  mixture  turns  brown- 
red  instead  of  black.  In  this  case  nearly  all  the  manganese  ia 
present  as  Mn304,  or  only  25  per  cent,  of  all  possible  MnO^  is 
present  as  such,  75  per  cent,  as  MnO.  This  kind  of  thing  occurs 
when  the  blast  is  working  at  full  strength  before  any  excess  of  lime 
has  been  added  to  the  liquor.  When  once  a  charge  has  turned  red, 
there  are  no  means  known  of  putting  it  right :  no  amount  of 
blowing  increases  the  Mn02;  ^i^d  nothing  is  left  but  running  ott 
the  batch  and  using  it  up  in  the  stills,  where  it  takes  very  much 
acid  and  yields  very  little  chlorine.  The  fact  is  that,  in  the  absence^ 
of  lime  or  other  soluble  protoxide,  Mn(0H)3  treated  with  air  m 
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the  wet  way,  at  a  temperature  of  60°  or  so,  oxidizes  only  to  MDjO^ 
:which  is  the  most  stable  of  all  the  oxides  of  manganese,  and  is 
incapable  of  absorbing  more  oxygen  in  the  wet  way. 

Stiff  batches  mostly  occur  under  opposite  conditions,  viz.,  when 
ihe  blast  is  not  strong  enough,  but  sometimes  under  unknown 
-jmd  unexplained  circumstances.  A  stiff  batch  is  known  by  the 
fact  that  the  blowing-engine  all  at  once  commences  to  labour  very 
iheavily,  the  pressure  indicated  by  the  gauge  on  the  air-vessel  in- 
creases rapidly,  and  at  last  the  engine  stops  entirely.  This  rarely 
•happens,  except  at  the  commencement  of  an  operation — apparently 
when  too  much  lime  has  been  added,  more  than  can  combine  with  or 
Teplace  the  manganese,  or  more  than  the  force  of  the  blast  can 
manage.  In  this  case  peculiar  crystalline  compounds  are  formed, 
which  produce  a  thickening,  or  even  a  complete  solidification  of 
the  mass.  This  happens  more  frequently  with  still-liquor  from 
native  manganese,  on  starting  the  process,  when  more  lime  is 
needed ;  for  this  reason  the  second  addition  of  lime  in  this  caae 
ought  to  be  made  by  instalments,  which  with  liquors  from  recovered 
manganese  is  neither  necessary  nor  advisable.  A  further  cause  of 
stiff  batches  is,  heating  the  manganese  liquor  too  much  before 
:adding  the  lime.  It  once  happened  to  myself  when  the  liquor 
had,  by  mistake,  been  got  up  to  77^0.  55°C.  are  sufficient ;  and  65^ 
•C.  ought  never  to  be  surpassed.  The  temperature  always  rises  a 
iew  degrees  during  the  blowing,  in  consequence  of  the  oxidation, 
in  spite  of  the  considerable  cooling  by  the  air  blown  in.  The  ap- 
pearance of  a  stiff  batch  is  that  of  lime  slaked  to  a  pasty  condition 
only.  Sometimes  the  whole  operation  must  be  interrupted,  the 
rstiff  mass  dug  out  of  the  oxidizer,  and  dissolved  out  of  the  pipes 
with  acid.  But  it  very  rarely  goes  so  far  as  that ;  this  seems  to  have 
happened  only  at  first,  before  it  was  known  what  has  to  be  done 
wheu  a  batch  gets  stiff.  The  only  remedy  is,  putting  all  available 
ateam  upon  the  blowing-engine,  and  at  the  same  time  running 
fresh  manganese  liquor  into  the  oxidizer  to  dissolve  the  excess  of 
lime,  till  the  engine  works  again  quite  freely.  As  a  rule  such  a 
batch  will  not  come  out  very  good  at  the  last ;  it  mostly  shows  a 
very  high  base  (1  equivalent  and  upwards)  and  low  MnO^  (something 
like  1*3  lb.  per  cubic  foot),  and  settles  very  badly,  if  at  all.  With 
a  sufficiently  strong  blowing-engine  and  proper  treatment  with 
lime,  stiff  batches  do  not  occur  at  all.  Frequently,  however, 
especially  with  not  entirely  settled  liquors  and  too  slow  working 
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of  the  bloving-engine^  the  contents  of  the  oxidizer /roM  up  so  a9 
to  overflow  at  the  top ;  the  only  and  certain  remedy  here  too  is^ 
starting  the  engine  at  full  force. 

The  opinion  of  Post^  that  stiff  batches  are  caused  by  a  cementing 
action  of  calcium  oxychloride  on  the  solid  particles^  is  decidedly 
wrong.  Our  table^  p.  350,  shows  that  solid  oxychloride  is  only 
precipitated  at  such  high  concentrations  of  the  CaGl^  as  never 
occur  in  practical  work  (20  to  30  per  cent.) ;  and  Post's  explanation 
is  all  the  more  irrational^  as  stiff  batches  only  occur  when  the 
CaClj  is  deficient.  It  is  positively  refuted  by  the  analysis  of  a 
stiff  batch  obtained  incur  experiments,  quoted  p.  350  et  seq.y  which 
showed  that  the  filtrate  contained  much  less  CaO  than  corresponds* 
to  the  CaClg,  so  that  some  CaO  must  have  entered  into  combination 
with  MnO ;  also  by  other  stiff  batches,  purposely  produced,  where 
the  dry  residue,  freed  from  the  filtrate  by  a  vacuum-pump^ 
contained  30*12  per  cent.  CaO,  1411  MnOg,  41*32  total  Mn,  and 
only  0*83  CI.  There  was  more  than  enough  CaO  present  to  forna 
a  basic  manganate,  3  CaO,Mn02,  and  more  than  1  mol.  CaO  to* 
1  at.  of  total  Mn.  The  existence  of  solid  calcium  oxychloride 
was  thereby  distinctly  refuted. 

Wiemik  (Zsch.  f.  angew.  Ch.  1894,  p.  261)  showed  that  stiff 
batches  are  caused  either  by  too  high  temperatures  or  by  a 
deficiency  of  CaCl^  in  the  liquors,  viz.  if  these  contain  less  than 
2*4  or  2*5  mols.  CaCl^  to  1  Mn,  and  if  in  that  case  more  than 
1'2  mol.  CaO  is  employed  for  precipitation.  But  even  then  the 
risk  of  stiff  batches  exists  only  at  a  certain  critical  period,  viz.,  as- 
soon  as  the  mixture  in  the  oxidizing  tower  has  reached  30  to- 
35  per  cent.,  or  better  36  to  39  per  cent.  MnOg,  and  the  quantity 
of  17  to  19  grms.  MnOj  per  litre.  As  soon  as  25  to  30  grms.  MnOj^ 
per  litre  are  present,  corresponding  to  55  to  65  per  cent.  MnO^, 
the  conditions  for  forming  a  stiff'  batch  no  longer  exist;  the 
mixture  remains  in  the  thin  state,  and  the  mud  settles  normally* 
By  very  strong  blowing  the  danger  of  a  stiff  batch  can  be  warded 
off,  all  the  more  as  in  that  case  the  oxidation  quickly  goes  beyond 
the  critical  point.  Concerning  the  nature  of  the  "  cementing 
substance,^'  Wiemik's  analyses,  like  mine,  refute  Post's  opinion; 
he  believes  that  the  thickening  of  the  mass  is  probably  caused  by 
a  certain  proportion  between  MnO^  and  Mn(0H)2,  perhaps 
according  to  the  formula  2MnO,lMn02,2CaO ;  but  this  cannot 
be  established  as  certain^  as  the  analysis  meets  with  almost 
insurmountable  difficulties. 
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lezler^s  analyses  of  Weldon  mud  (Dingl.  Journ.  cexxxix.  p.  74) 
are  useless^  since  his  samples  were  very  abnormally  composed. 

Twynam  (Engl.  pat.  4397,  1881)  proposes  decomposing  the 
manganese  liquors  with  dolomite,  and  then  precipitating  and 
recovering  the  magnesia  by  milk  of  lime.  His  process  is  very 
obscurely  described,  and  is  at  all  events  impracticable. 

Treatment  of  the  Concentrated  Weldon  Mud. — Some  works 
have  an  intermediate  vessel  between  the  mud-settlers  and  the 
chlorine-stills,  in  which  a  mechanical  agitator  rotates  and  makes 
the  mud  run  more  freely.  This  arrangement  is  unnecessary 
with  good  mud  and  a  moderate  distance  from  the  stills;  it  is 
then  suiGcient  to  rake  up  the  mud  in  the  settlers  themselves 
with  wooden  rakes.  At  other  works  they  interpose  a  pan  for 
heating  up  the  mud  before  it  enters  the  oxidizer;  this  saves  time, 
steam,  and  dilution,  but  is  very  troublesome,  and  consequently  very 
rarely  done.  At  some  factories  they  treat  the  mud,  in  special  agi- 
tating-tubs,  with 'dilute  hydrochloric  acid  before  running  it  into 
the  stills,  partly  in  order  to  remove  the  COj^,  which  has  been  intro- 
duced by  badly  burnt  lime,  partly  to  lessen  the  base ;  but  this 
complication  of  the  process  easily  leads  to  a  loss  of  chlorine,  and 
consequently  is  not  employed  at  most  of  the  works. 

We  shall  now  describe  the  treatment  of  the  recovered  manganese 
mud  in  the  stills.  First,  hydrochloric  acid  is  run  into  the  still  to 
a  depth  of  2  feet — the  hotter  from  the  condensers  the  better ;  and 
then  manganese  mud  is  run  into  the  sluice- valves,  but  not  sufficient 
to  generate  too  strong  a  current  of  chlorine,  which  would  blow  the 
water  out  of  the  hydraulic  lutes.  With  a  little  attention  a  perfectly 
even  current  of  gas  can  be  produced.  The  manganese-mud  is  run 
in  till  the  dark  colour  of  the  liquid  taken  out  of  the  test-cock  shows 
that  there  is  enough  of  it;  steam  is  then  blown  in  (frequently 
already  before  this  stage),  whereupon  the  liquor  again  clears  up  if 
acid  be  present.  The  limit  is  reached  when  at  a  sufficient  tempera- 
ture the  liquid  is  clear  but  coffee-coloured  (a  light  yellow  colour 
showing  an  excess  of  acid)  and,  poured  upon  chalk,  does  not  pro- 
duce strong  effervescence.  It  is  of  course  preferable  to  test  directly 
for  free  acid ;  this  is  best  done  by  running  in  caustic  soda  from  a 
burette  till  a  permanent  precipitate  begins  to  appear  (pp.  279  &  306) : 
^  per  cent,  of  free  acid  is  normal,  1  per  cent,  more  than  necessary, 
but  as  much  as  this  is  found  even  at  well-conducted  works.  But 
the  saturation  of  the  acid  ought  not  to  go  too  far;  for  then  un- 
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doubtedly  some  manganese  mud  would  remain  behind  undissolved^ 
subside  along  with  the  neutralizing  mud^  and  be  lost.  When  the 
proper  point  has  been  reached^  the  contents  of  the  still  are  run 
into  the  lower-situated  neutralizing  well,  and  the  whole  cycle  of 
operations  begins  anew.  Each  operation  in  the  stills  lasts  from 
4  to  6  hoursv 

It  should  not  be  overlooked  that  1  per  cent.  HCl  in  Weldon 
still-liquor  means  a  great  deal  more  than  in  liquor  from  native 
manganese  ore.  In  the  Weldon  stills  the  acid  is  not  merely 
diluted  by  the  steam  blown  in,  as  in  the  old  stills,  but  much  more 
by  the  CaClg  solution  introduced  with  the  recovered  mud^  up  to 
such  a  degree  that  in  the  end  about  3^  vols,  of  still-liquor  are 
present  to  1  vol.  hydrochloric  acid  employed.  If  the  latter  showed 
30  per  cent.  HCl,  and  the  still-liquor  1  per  cent.,  in  reality  only 
26*5  per  cent.  HCl  had  been  utilized,  and  3*5  per  cent,  have  been 
left  free  and  must  be  afterwards  neutralized  by  limestone-dust 
(p.  338).  At  most  English  works  formerly  the  acid  employed 
tested  much  less  than  30  per  cent.,  so  that  ^-or  ^  of  the  HCl  was 
lost  in  the  still-liquor^  of  which  loss  very  few  manufacturers  were 
aware. 

Under  these  circumstances  there  was  a  very  good  reason  for  the 
endeavours  not  to  neutralize  that  free  acid  by  limestone,  but  by 
fresh  Weldon  mud,  and  thus  to  turn  it  to  good  use  (p.  340).  This, 
as  we  have  seen,  cannot  be  done  when  working  with  hydrochloric 
acid  containing  sulphuric  acid,  and  even  when  the  latter  had  been 
removed  the  process  did  not  seem  sufficiently  remunerative  to  most 
manufacturers  (probably  owing  to  the  just-mentioned  oversight), 
so  that  very  few  of  them  made  up  their  mind  to  carry  that  very 
rational  process  into  practice.  But  we  have  seen  on  p.  341  that 
this  matter  is  now  better  understood,  and  the  above  process  has 
become  general. 

At  a  large  English  factory  the  following  special  Rules  for 
Bleaching-powder  Men  have  been  drawn  up,  which  are  recommended 
by  the  22nd  Alkali  Inspectors^  Report,  p.  54: — 1.  Manganese 
mud  must  not  be  run  into  a  chlorine-still  at  such  a  speed  as  will 
cause  chlorine  to  escape  out  of  any  lute  on  a  main  or  through  any 
joint  of  a  pipe.  2.  A  still  must  not  be  run  or  emptied  until  all 
the  chlorine  generated  in  the  still  has,  so  far  as  may  be  practicable, 
been  worked  off.  3.  Every  lute  in  connexion  with  any  pipe  which 
conveys  chlorine  must  be  examined  at  least  twice  in  every  24 
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liours ;  that  is,  at  least  once  between  6  and  8  a.m.  and  once  between 
6  and  7  p.m.  4u  When  the  supply  of  chlorine  exceeds  what  is 
requisite^  the  main  must  be  immediately  disconnected,  or  the 
'working  of  chlorine  in  the  stills  must  be  slackened.  5.  .The  lutes 
on  the  bleaching-powder  chambers  are  only  to  be  opened  in  the 
presence  of  the  foremen,  and  the  doors  are  only  to  be  opened  at 
<laylight  in  the  presence  of  the  mauager,  after  the  chambers 
liaye  been  tested.  6.  Every  defect  that  may  cause  an  escape  of 
chlorine  or  acid  gas,  or  any  leakage  of  gas  or  liquor,  or  any  irre- 
'^larity  in  any  process,  must  be  at  once  reported  to  the  foreman. 
7.  Every  bleaching-powder  man  who  violates  any  of  the  fore- 
going rules  will  be  liable  to  a  fine  of  five  shillings  for  every  sucb 
violation. 

The  thermochemical  data  for  the  Weldon  process  are  given 
by  Fischer  (Zschr.  f.  ang.  Chem.  1888,  p.  549)  as  follows : — ^In 
ihe  transition  from  manganous  hydrate,  Mn(0H)2,  to  hydrated 
peroxide,  MnOgHg,  there  is  liberated  for  each  gram-molecule 
116-3— 94'8=21*5  calories.  The  decomposition  of  the  latter  with 
fcydrochloric  acid  yields : — 

MnOgHg + 4HCl,aq.  =MnCl2,aq.  +  C\  +  SHgO ; 
—116-3        —148  4-128  +2052; 

that  is,  an  excess  of  70  calories.  Hence  the  reaction  proceeds 
easily,  as  soon  as  the  necessary  temperature  has  been  once  attained. 
[This  calculation  suffers  from  the  fault  that  Weldon  mud  is  not 
MnOjHg,  but  a  mixture  of  2(Mn02)CaO  with  (Mn02)CaO;  of 
these  compounds  we  do  not  know  the  heat  of  formation.] 

Analytical  Methods  for  the  Weldon  Process. 

The  rough  methods  for  testing  the  still-liquor  and  the  contents 
of  the  oxidizer  hare  been  cited  above  (pp.  306  &  344)  :  we  must  now 
explain  the  more  accurate  methods  for  testing  the  recovered  mud 
for  MnOg,  base,  and  total  manganese.  The  reagents  required  are : — 
a  strong  filtered  solution  of  bleach-liquor  (not  standardized) ;  a 
solution  of  about  100  grams  crystallized  ferrous  sulphate  and  100 
grams  pure  sulphuric  acid  per  litre ;  a  standard  solution  of  potas- 
sium permanganate — most  conveniently  made  from  pure  crystals, 
of  seminormal  strength,  t.  e.  1  cub.  centim.  corresponding  to  0*004 
gram  oxygen  or  0*02175  gram  Mn,  identical  with  that  employed 
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in  testing  nitrons  vitriol^;  a  normal  solution  of  oxalic  add  (63* 
grams  per  litre) ;  a  normal  solution  of  caustic  soda  (31  gram» 
NaOH  per  litre). 

In  testing  for  MnO^^  25  cub.  cent,  of  the  iron  solution  are 
pipetted  into  a  beaker^  diluted  with  cold  water  to  100  or  200  cub. 
cent.,  and  standardized  by  the  permanganate  solution :  this  suffices 
for  the  whole  day.  Another  25  cub.  cent,  of  the  iron  solution  are 
treated  with  10  cub.  cent,  of  manganese  mud.  This  is  taken  out 
of  the  well-shaken  sample-bottle  with  a  pipette,  which  is  thea 
washed  outside ;  its  contents  are  run  into  the  iron  solution,  and 
the  pipette  rinsed  out  into  the  same  by  means  of  the  wadiing- 
bottle.  The  beaker  being  shaken,  the  mud  is  dissolved  in  a  few 
seconds ;  the  liquid  is  then  diluted,  and  titrated  back  with  per* 
manganate.  The  number  of  cub.  cent,  used,  deducted  from  that 
used  for  the  iron  alone,  corresponds  to  the  MnO^,  and  at  once 
yields  its  quantity  per  litre  on  being  multiplied  by  2*175.  If,  as 
usual  in  England,  it  is  preferred  estimating  the  MnOj  in  pounds 
per  cubic  foot,  a  pipette  containing  ^  or  1  cubic  inch  is  employed, 
and  the  following  formula  serves  for  calculating  the  result  (for  one 
cubic  inch)  : — 

T^  ^      002175x1728       n-noon 
Mn02= 7  ^-— X = 0'0830a?  : 

453*5 

where  x  means  the  number  of  cub.  cent,  of  seminormal  perman* 
ganate,  found  by  subtracting  those  employed  for  retitrating  from 
those  employed  in  standardizing  the  iron  solution.  The  number  of 
pounds  per  cubic  foot  is  found  from  the  number  expressing  the 
grams  per  litre  by  multiplying  the  latter  by  0*0624  f. 

The  ''  base/^  as  we  know,  comprises  all  constituents  of  the  mud 
which  neutralize  acid,  leaving  behind  pure  MnO^.  The  base  may 
be  lime,  magnesia,  or  protoxide  of  manganese ;  the  mutual  propor- 

*  This  is  more  conyenient  for  use  than  the  potassium  dichromate  proposed 
by  Weldon. 

t  The  accuracy  of  the  permanganate-iron  test  has  been  disputed  by  Post  (Ber* 
deutsch.  chem.  Ges.  xii.  p.  1539).  He  obtained  by  Bunsen's  iodine  test  resulta 
10  per  cent,  lower  than  the  aboye  test  indicated.  But  in  very  careful  special 
comparative  trials  instituted  by  me  the  results  of  the  permanganate,  the  bichro- 
mate,  and  the  iodine  test  were  found  identical  (Dingl.  Journ.  ccxxxt.  p.  800). 
My  experiments  (as  well  as  those  on  the  testing  of  Weldon  mud  generally)  aie 
described  in  the  Chem.  >tews,  vol.  zli.  p.  129. 
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tion  of  these  bodies  influences  neither  the  analytical  operation  nor 
the  consumption  of  acid  in  the  chlorine-stills ;  hence^  as  a  rule, 
only  the  total  base  is  sought^  in  the  following  way : — ^Twenty-five 
cub.  centims.  of  normal  oxalic  acid  (with  a  very  high  base  this  i» 
too  little)  are  diluted  to  about  100  cub.  cent.,  and  heated  to  60°  or 
80°  C. ;  10  cub.  cent,  of  manganese  mud  are  added,  with  the  above- 
mentioned  precaution  of  washing  the  pipette  &c.^  and  heat  applied 
till  the  precipitate  has  become  pure  white,  not  cream-coloured — 
which  usually  takes  less  than  one  minute.  Then  it  is  retitrated 
with  standard  caustic  soda,  in  order  to  learn  the  number  of  cubic 
centims.  of  oxalic  acid  consumed ;  the  exact  determination  of  the 
point  of  neutralization  is  not  very  easy,  because  litmus,  even  in 
excess,  does  not  give  a  very  sharp  indication.  (As  an  indicator, 
litmus  or  phenolphthalein  must  be  used,  not  methyl-orange,  on 
account  of  the  oxalic  acid.)  Hence  the  statements  of  factory- 
chemists  about  their  Weldon  base  are  not  always  trustworthy. 
The  object  is  attained  much  more  accurately  and  not  much  more 
slowly  if  the  whole  is  diluted  to  202  cub.  cent,  (where  2  cub.  cent* 
correspond  to  the  bulk  of  the  precipitate),  passed  through  a  dry 
filter,  and  100  cub.  cent,  of  the  filtrate  retitrated  with  caustic 
soda,  when  the  indication,  in  the  absence  of  a  precipitate,  is  much 
sharper.  The  oxalic  acid  acts  in  this  way :  first  it  decomposes 
with  all  the  MnOg  into  MnO  and  CO3 ;  consequently  for  each  cub. 
cent,  of  seminormal  permanganate^  ^  cub.  cent,  of  oxalic  acid  will 
be  consumed  for  this  object.  Exactly  the  same  quantity  is  con- 
sumed to  form  an  oxalate  with  MnO ;  and  a  further  quantity 
is  consumed  for  saturating  any  MnO  present  over  and  above  that 
produced  from  Mn02,  as  well  as  CaO,  MgO,  FcgOs,  &c.  The 
latter  is  the  quantity  sought  for ;  and  it  is  found  by  deducting 
from  the  number  of  cubic  centims.  of  oxalic  acid  consumed  that 
of  the  cubic  centims.  of  permanganate  found  in  titrating  for  MnO  ; 
the  remainder  is  equal  to  the  base ;  and  the  proportion  to  MnO  is 
found  by  dividing  this  remainder  by  half  the  cub.  cent,  of  perman- 
ganate (as  this  is  seminormal  and  the  oxalic  acid  normal) . 

Suppose  the  titre  of  the  iron  solution  to  have  been  found =28*0 
permanganate.  After  running  in  10  cub.  cent,  of  manganese  mud, 
only  11'5  permanganate  have  been  required ;  hence  ar=:16'5,  and 
the  strength  of  the  mud  =35*88  grams  per  litre,  or  2*24  lb.  per 
cubic  foot.  10  cub.  cent,  of  mud  are  heated  with  25  cub.  cent, 
oxalic  acid,  diluted  to  202  cub.  cent. ;   100  cub.  cent,   filtered 
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require  1'6  normal  caustic.  The  difference  between  twice  this 
and  25^  =21 '8^  gives  the  t^tal  oxalic  acid  consumed.  Deducting 
from  this  16'5  (the  above  x)  for  MnOj  leaves  5*3  for  base.  The 
proportion  (^X  16-5  =  )  8*25  :  5-3=1  :  0*642  shows  0*642  to  have 
been  the  base. 

The  total  manganese  in  the  mud  is  estimated  only  now  and 
then,  both  because  it  takes  a  little  more  time  and  because  it  is  not 
of  such  importance  as  the  total  base.  It  is,  however,  very  interest- 
ing, and  must  be  done  from  time  to  time.  10  cub.  cent,  of  mud 
are  boiled  with  HCl  till  all  the  chlorine  is  driven  off,  the  free  acid 
exactly  neutralized  by  caustic  soda,  and  the  liquor  again  raised  to 
the  boiling-point;  a  clear  filtered  solution  of  bleaching-powder  is 
added  till  the  liquid  shows  a  pink  colour,  from  the  formation  of  a 
trace  of  permanganate ;  this  trace  is  again  destroyed  by  adding  a 
drop  of  alcohol.  Now  all  the  manganese  is  in  the  state  of  a  pre- 
cipitate of  MnOg ;  this  is  thrown  upon  a  filter,  completely  washed 
till  the  filtrate  gives  no  more  reaction  with  potassium  iodide,  the 
precipitate  dissolved  in  the  acidulated  solution  of  ferrous  sulphate, 
and  retitrated  by  permanganate,  precisely  as  in  estimating  the' 
MnOg  existing  as  such  in  the  mud. 

Jurisch  (Chem.  Industrie,  1880,  p.  193)  describes  some  modi- 
fication in  the  testing  of  Weldon  mud,  with  complicated  formulas, 
seldom  u»ed  by  anybody  else. 

Yields  and  Costs. 

The  yield  of  bleaching-powder  in  the  Weldon  process  is  in 
England  always  stated  in  terms  of  the  quantity  of  common  salt 
decomposed  for  20  cwt.  of  full-strength  bleach.  This  result 
depends  upon  several  circumstances:  from  the  completeness  of  the 
condensation  of  HCl  in  the  saltcake  process;  from  the  strength  of 
the  hydrochloric  acid  obtained  in  that  process;  from  the  utilization 
of  HCl  in  the  Weldon  still;  from  the  concentration  of  the  Weldon 
mud  (dilute  mud  causes  too  much  dilution  in  the  still) ;  from  the 
degree  of  oxidation  and  the  base  in  the  mud, — altogether  from  all 
the  various  stages  of  the  process.  Formerly  a  decomposition  of 
57  cwt.  salt  to  a  ton  of  bleach  was  considered  as  a  good  average, 
but  frequently  more  than  60  cwt.  of  salt  was  consumed;  with 
open  roasters,  even  70  or  80  cwt.  The  consumption  of  hydro- 
chloric acid  at  that  time  was  calculated  as  4^00  to  4800  litres  of 
spec.  grav.  1*12=1250  kil.  real  HCl  to  1000  kil.  of  37  per  cent. 
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bleach;  or  else  4000  litres  of  spec.  grav.  1*14,  which  comes  to  the 
same  thing.  In  the  bleacbing-powder  we  find  only  the  chlorine 
corresponding  to  380  kil.  HCl,  that  is  a  little  over  30  per  cent, 
of  the  total  HCl  employed.  At  Aussig  they  used  in  1878  3  J  tons 
acid  of  spec.  grav.  1'17  to  1*18  to  1  ton  of  bleach=1155  kil.  HCl 
to  1000  bleach,  that  is  a  little  less  than  the  above. 

Since  the  still-liquor  is  no  longer  saturated  with  limestone  dust 
but  with  Weldon  mud  itself  (pp.  340  &  341),  which  utilizes  the 
free  acid,  the  yields  are  much  better,  and  now  average  44  cwt.  salt 
to  20  cwt.  bleach ;  but  some  works  do  even  better  than  that. 

Another  matter  requiring  attention  is  the  supply  of  native  man- 
ganese ore  to  make  up  the  loss  of  manganese  liquor.  In  thi» 
respect  also  the  various  factories  differ  very  much;  but  by  more 
careful  manipulation  this  loss  has  constantly  decreased.  Some 
factories,  formerly  losing  5  per  cent.,  now  lose  only  2^  per  cent.,, 
or  even  only  1^  per  cent,  manganese.  With  careless  work  as 
much  as  10  per  cent,  may  be  lost.  Apart  from  purely  mechanical 
losses,  attributable  to  downright  slovenliness,  care  must  be  taken 
not  to  leave  any  more  MnClg  in  the  neutralizing  mud  than  is 
absolutely  unavoidable.  The  better  the  liquor  is  neutralized  in  the 
stills  themselves  by  manganese  mud,  the  less  calcium  carbonate 
will  be  necessary  outside  (comp.  also  pp.  338  &  339).  Theoretically ^ 
for  making  one  ton  of  37.per-cent.  bleach,  9i  cwt.  of  regenerated 
MnOj  are  required ;  but  practically,  owing  to  the  unavoidable  loss- 
of  chlorine,  about  10  cwt.  are  needed,  which  are  contained  in 
about  500  cubic  feet  of  good  manganese  mud  as  it  comes  from  the 
oxidizer. 

Some  practical  men  state  that  the  chlorine  from  recovered  man- 
ganese acts  much  more  quickly  upon  the  surface  of  the  lime  in  the 
chambers  than  that  from  native  manganese  ore,  and  that  conse- 
quently in  the  former  case  the  depth  of  the  layer  cannot  be  made  so 
great  as  in  the  latter,  say  in  the  proportion  of  8^  to  10.  Whether 
this  is  really  the  case,  does  not  seem  to  be  entirely  proved.  At  one 
of  the  largest  factories,  for  each  ton  of  bleach  per  week  to  be  made 
by  Weldon's  process  200  square  feet  of  chamber- floor  are  assumed. 
In  any  case  the  blfeffch  made  by  this  processisof  excellent  quality,, 
up  to  39  per  cent.,  and  is  said  to  lose  less  in  the  casks  than 
that  made  by  the  old  process  (about  ^  per  cent,  against  1^  per 
cent.). 

The  cost  of  labour  in  Weldon^s  process  is  not  much  greater  on  a 
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large  than  on  a  smaller  scale,  of  course  apart  from  the  cost  of 
preparing  the  lime  and  packing  the  bleach.  There  is  always  one 
man  per  shift  needed  for  oxidizing  (who  can  also  undertake  the 
general  supervision),  one  man  for  making  the  milk  of  lime,  one  for 
the  mud-settlers,  one  for  the  Weldon  stills,  one  for  the  neutral- 
izing-wells,  one  for  the  native-manganese  stills,  and  one  for  the 
steam-boilers.  With  this  staff  the  manganese  may  be  recovered 
and  chlorine  generated  for  15  tons  of  bleach  per  day;  but  even  if 
only  5  tons  be  made,  not  much  less  labour  will  be  required — only 
that  employed  in  lime-slacking,  wheeling  of  coals  and  cinders,  &c., 
will  be  reduced.  Usually  the  whole  labour  is  let  to  a  gang  of  men 
at  so  much  per  ton  of  bleach,  at  prices  differing  according  to  the 
size  of  the  works. 

The  cost  of  bleaching-powder  by  Weldon^s  process  about  the 
year  1875  can  be  seen  from  the  following  statement  of  results  of 
working  extending  over  a  long  period : — 

£   s.   d. 

Lime,  27  cwt.,  at  16*.  per  ton  117 

Limestone,  5  cwt.,  at  10*.  per  ton 0    2    6 

Coals,  25  cwt.,  at  12*.  per  ton   0  15     0 

Manganese,  1  cwt.,  at  100*.  per  ton 0    5     0 

Casks    10    0 

Wages  0  10    0 

Cost  of  1  ton  37-per-cent.  bleach... £3  14     1 
(without  general  expenses). 

The  following  is  another  authentic  cost-account  (of  1874,  when 
materials  were  still  very  costly),  from  a  works  at  St.  Helens: — 

15i  cwt.  coals,  at  9* 0    6  lOi 

llf  cwt.  lime  for  oxidizer,  at  18*.  6rf.  ...     0     9  10^ 

11^  cwt.  lime  for  powder,  at  20* Oil     6 

6^  cwt.  limestone  dust,  at  10* 0     3     3 

1^  cwt.  manganese,  at  130* 0    8     1^ 

Wages  (including  boilermen  and  bleach-") 

ing-powder) S  * 

Casks    0  17     1 

£3  14    5 

Cost,  inclusive  of  general  expenses,  Liverpool  commission,  &c., 
f.o.  b.  £6  5*.  0^.  (at  that  period). 
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The  cost  of  recovering  as  mucli  manganese  as  suffices  for  pro- 

clucing  60  tons  of  strong  bleach  per  week  was  stated  in  1870,  by 
B  large  Widnes  works,  at : — 

£   8.  d. 

60  tons  lime,  at  12* 36     0  0 

Slaking  and  sifting  the  same 6     0  0 

13  tons  limestone,  at  8*.  6rf. 5     2  0 

Steam   12  10  0 

Wages  for  engine  and  oxidizing 2  16  0 

Wages  for  neutralizing  and  pumping  the  *)    i    i  q  /^ 

manganese  liquor J 

Wages  for  making  and  pumping  milk  of  1    o     q  q 

lime    J 

£67     7    0 
Deduct  2*.  per  ton  saving  in  labour  on  1 
making  the  bleach / 

£61     7    0 

This  is  £1  0*.  6rf.  per  ton  of  37-per-cent.  bleach,  exclusive  of 
interest,  management,  and  repairs.  But  at  that  time  one-third 
too  much  lime  was  used ;  and  the  cost  of  sifting  it  has  been 
entirely  saved,  so  that  now  the  cost  of  recovery  is  only  15*.  6d. 
exclusive,  or  20*.  inclusive  of  interest  &c.  per  ton  of  bleach. 

At  Dieuze  in  1878  (private  information)  the  following  quantities 
of  substance  were  required  for  100  kilog.  of  bleach  108°  Gay- 
Lussac : — 

Manganese  (58  per  cent.)   2*9  kilog. 

Hydrochloric  acid,  82°  Tw 397        „ 

Lime  for  the  chambers    60        „ 

Lime  for  the  oxidizers 65        „ 

Limestone  for  neutralizing     16        ^, 

The  consumption  of  coals^  on  an  average  of  all  works  (commu- 
nication from  Mr.  Weldon  1878),  amounts  to  16  cwt.  per  ton  of 
88-per-cent.  bleach;  but  one  works  in  Fi*ance  manages  with  9  cwt. 
In  neither  case  is  the  burning  of  the  lime  included. 

The  Chemical  Trade  Journal,  vi.  p.  15,  gives  the  following 
statement  of  the  cost  of  producing  one  ton  of  36-per-cent.  bleach 
by  the  Weldon  process  in  1890: — 
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£     8.    d. 

Coals 0    6  0 

Lime     0  14  0 

Limestone  dust   0     10 

Manganese  ore    , 0    4  2 

Wages  0  13  4 

Casks    0  13  0 

Depreciation  10  per  cent. , 0    5  0 

Repairs 0    4  3 

General  expenses 0    6  8 

4  tons  hydrochloric  acid 2    0  0 

£5     7    5 
Cost  of  plant  for  making  100  tons  bleach  per  week  by  the  Weldou 
process =£12,000. 

A  calculation  given  by  Davis  (Journ.  Soc.  Chem.  Ind.  1883^ 
p.  155)  does  not  include  hydrochloric  acid,  wear  and  tear,  and 
general  expenses: —  £    s.    d. 

Coals     0    4    6 

Lime  for  oxidizing  0  10     8 

„        bleach  0  10    8 

Limestone  dust    0    2    2 

Manganese  ore 0    3    0 

Wages 0  15     0 

Casks    0  17    0 

£3    3    0 

The  following  is  an  authentic  cost-sheet  of  a  Continental  work^ 

for  the  years  1891-92,  showing  the  cost  of  making  100  kilog- 
bleaching-powder  of  100°  Gay-Lussac  (=31*8  per  cent,  available 
chlorine) : — 

Kil.  @fr8.  Pps, 

Hydrochloric  acid,  Spec,  gr,  1'16  ...  404*2  21*50  8*68 

Manganese  ore 6*4  70*00  0*45 

Lime     103  38*80  3*48 

Limestone    23*8  600  014 

Coals    117  1700  1*98 

Wages  ...  1-16 

Repairs ...  1*20 

General  expenses ...  0'50 

Packages  and  loading ...  1*50 

1909 
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Other  uses  of  Weldon  Mud. 

In  consequence  of  the  extremely  fine  division  of  Weldon  mud^ 
its  action  is  much  more  energetic  than  that  of  natural  manganese 
ore,  not  merely  on  hydrochloric  acid,  but  also  in  other  cases;  it 
even  produces  reactions  quite  impossible  with  the  native  ore.  In 
some  cases  this  may  be  caused  by  the  fact  that  Weldon  mud  does 
not  consist  of  anhydrous  MnOs>  but  either  of  the  hydrate  of 
manganous  acid,  MnOsHj,  or  of  salts  of  this  with  calcium  and 
other  metals.  Its  almost  complete  freedom  from  iron  is  some- 
times a  very  important  advantage  over  the  natural  ore,  e.  g.  in 
the  manufacture  of  glass,  where,  however,  as  in  many  other  cases, 
the  high  price  of  recovered  manganese  dioxide  rarely  admits  of  its 
employment. 

A  very  important  use  of  Weldon  mud  is  that  for  purifying 
aluminium  sulphate  from  iron,  by  Kynaston's  process  (Engl.  pat. 
8809, 1882 ;  comp.  Joum.  Soc.  Chem.  Ind.  1886,  p.  20),  which  has 
been  proved  to  be  the  best  of  all  processes  for  that  object. 

Hood  and  Salamon  (Dingl.  Joum.  oclxviii.  p.  136)  have  proposed 
Weldon  mud  for  purifying  coal-gas,  which  comes  to  the  same  as 
the  application  of  mud  containing  manganese  for  desulphurizing 
the  liquid  from  old  Leblanc- waste  heaps  (p.  3^). 

Waste  Calcium-Chloride  Liquor. 

For  the  calcium  chloride  which  is  obtained  in  such  enormous 
quantity  in  the  Weldon  process,  no  use  has  hitherto  been  found  to 
any  considerable  extent.  As  it  is  quite  free  from  iron,  it  can  be 
obtained  by  evaporation  and  fusing  as  a  perfectly  white  mass 
similar  to  caustic  soda,  and,  like  this,  is  packed  in  sheet-iron  drums* 
It  is  employed  at  alizarine-works,  at  some  sugar-works  as  an 
addition  in  saturating,  for  making  barium  chloride  from  barium 
sulphate  and  coal  (p.  315),  for  making  pearl-hardening  (Vol.  II. 
p.  721);  but  most  of  the  CaClj  solution  runs  away  to  waste.  It 
is  quite  harmless  in  a  sanitary  respect,  but  renders  the  water  hard. 
It  has  been  proposed  {e.g,  by  Hargreaves,  Chem.  News,  xvi. 
p.  131)  as  an  addition  to  manures  in  order  to  precipitate  the 
phosphoric  acid  and  keep  it  from  being  washed  away,  also  as  an 
antifermenting  and  antiseptic  substance  which  at  the  same  time 
fixes  the  more  volatile  ammonia  compounds  as  chloride.  The 
dark  brown  liquors  from  boiling  esparto  or  wood-pulp,   if  on 
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account  of  the  expense  of  fuel  they  cannot  be  worked  for 
recovering  the  soda^  at  least  can  be  deprived  of  nearly  all  organic 
substances  by  precipitation  with  CaCl^;  and  the  resulting  liquor, 
containing  much  NaCl^  but  very  little  coloured,  can  be  run  into 
watercourses  without  any  fear. 

Campbell  and  Boyd  (Engl.  pat.  5571,  1890)  repeat  the  old 
proposal  to  add  sulphate  of  soda  to  the  waste  liquor,  in  order 
to  produce  pearl-hardening  and  sodium  chloride. 

Statistics, 

In  1877  there  were  50  Weldon  plants  at  work  in  England,  Scot- 
land, and  Ireland,  turning  out  about  105,000  tons  of  bleaching- 
powder  or  its  equivalent  in  chlorate  of  potash.  This  is  about  90 
per  cent,  of  all  that  was  then  manufactured  in  Great  Britain. 
The  quantity  of  bleaching-powder  and  chlorate  of  potash  made  by 
the  Weldon  process  at  the  present  time  must  be  considerably 
greater  than  in  1877,  but  statistical  information  on  this  point  is 
not  obtainable.  In  France  there  were  8  plants,  turning  out 
20,000  tons  of  bleach  and  chlorate,  being  all  that  was  made  in 
that  country ;  in  Germany  7  or  8,  Austria  2,  Norway  1,  Belgium  1. 
Most  of  the  bleaching-powder  produced  was  then,  and  probablv 
is  even  now,  manufactured  by  that  process.  ^ 
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CHAPTER  XVIII. 

THE  DEACON  PROCESS. 

The  decomposition  of  hydrochloric  acid  by  atmospheric  air  was 
first  patented  by  Oxland  in  1845  (No.  10528).  The  mixture  of 
both  gases  is  passed  through  red-hot  pumice;  the  gas  leaving 
the  apparatus  is  cooled,  and  the  undecomposed  HCl  is  washed 
out  by  water.  Further  patents  in  this  direction  will  be  mentioned 
in  the  last  Chapter  of  this  book. 

The  yield  of  chlorine  in  Oxland's  or  any  other  process  by 
which  chlorine  is  made  from  hydrogen  chloride  and  air  by  mere 
heating,  even  in  the  presence  of  porous  substances,  is  extremely 
flmall,  and  such  processes  have  no  practical  value. 

This  problem  was  again  dealt  with  in  another  way,  viz.  by  the 
-employment  of  the  chlorides  of  copper.  Vogel  (Dingl.  Joum. 
<5xxxvi.  p.  237)  in  1855  proposed  evolving  chlorine  from  cupric 
chloride  by  heating  it  to  an  incipient  red  heat : 

2CuCl2=Cu2Cls  +  2Cl. 

The  cuprous  chloride  is  mixed  with  hydrochloric  acid,  and, 
iby  the  atmospheric  oxygen,  converted  first  into  oxychloride 
(CuCls,3CuO,3H30)  and  then  again  into  cupric  chloride.  The 
final  stage  is  represented  by  the  reaction : 

CujCI,  +  2  HCl  +  O = 2  CuCla  +  HjO. 

Hut  on  working  on  a  large  scale  not  half,  but  only  one  third  of 
the  chlorine  of  CuCl^  is  said  to  be  obtained,  viz.  13*8  per  cent, 
of  the  cupric  chloride.  According  to  Hofmann's  Beport  by  the 
Juries,  1862,  p.  35,  Gatty  examined  the  above  proposal,  and  found 
that  the  chlorides  of  copper  quickly  corrode  stoneware  vessels 
and  the  hardest  fire-bricks,  so  that  hardly  any  vessels  can  be  made 
for  evaporating  and  calcining  them.  This  manipulation  is  very 
dangerous  to  health ;  and  even  a  small  loss  of  copper,  considering 
its  high  price^  would  make  the  process  economicsdly  impossible. 

2b2 
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Laurent  patented  exactly  the  same  process  as  novel  (No.  163, 
1860).  Cupric  chloride  is  made  by  dissolving  CuO  in  HCl,  or 
Cu  in  aqua  regia^  or  precipitating  a  solution  of  CUSO4  by  BaCl^ 
or  CaClg.  The  solution  is  dried  down  and  heated  at  100°  or 
150°  C.  till  the  water  is  given  off  and  a  brownish-yellow  powder 
remains;  this  is  mixed  with  half  its  weight  of  sand^  and  kept 
heated  in  a  retort  to  220°  or  300°  C.  till  half  of  the  chlorine 
contained  in  the  cupric  chloride  has  been  driven  off.  The  re- 
maining mixture  of  cuprous  chloride  and  sand  is  mixed  with 
hydrochloric  acid  and  evaporated  in  a  current  of  air;  hydrated 
cupric  chloride  is  obtained  by  crystallization^  and  heated  with  or 
without  sand  in  order  to  drive  off  the  water  and  begin  the  process 
anew.  This  process  possesses  a  certain  importance^  because  it 
may  be  considered  one  of  the  precursors  of  Deacon^s  process. 
As  No.  6,  1864^  Tregomain  patented  the  same  process  with 
unimportant  modifications :  he  fuses  the  cupric  chloride^  grinds 
it^  converts  it  into  oxychloride  in  a  current  of  air,  treats  this 
with  liquid  or  gaseous  HCl^  and  obtains  the  CuCl)  formed  by 
lixiviation  and  crystallization. 

A  new  patent  was  taken  by  Mallet  (No.  3171,  1866)  for  con- 
verting cuprous  chloride  by  oxygen  into  oxychloride,  which  gives 
off  its  oxygen  at  a  dark-red  heat  and  is  again  converted  into 
cuprous  chloride.      He  employs  horizontal  cylindrical  cast-iron 
retorts,  lined  with   an  enamel  not  acted  upon  by  the  chlorides 
of  copper,  e.  g,  copper  borate,  silicate,  or  phosphate.     The  retorts 
have  a  discharging-aperture  at  the  bottom  ;  and  in  the  elongation 
of  their  axis  there  is  an  exit-tube  ;  they  are  placed  in  a  furnace 
on  rollers,  which  permit  their  rotation  round  their  axis.     The 
oxychloride  is  mixed  with  15  to  20  per  cent,  of  inert  material, 
such  as  china-clay,  sand,  porcelain,  or  powdered  fire-bricks ;  and 
the  mixture  always  remains  within  the  retort  when  in  regular 
working.     When  oxygen  alone  is  required,  only  a  dark-red  heat 
is  applied.     When  gas  has  ceased  to  be  evolved  the  retorts  are 
cooled  down  and  jets  of  steam  and  air  directed  into  them  while 
they  are  rotating,  so  that  in  two  or  three  hours  the  oxychloride 
is  regenerated.     If,  however,  HCl  gas  is  injected  from  the  first, 
or  if  to  the  oxychloride  formed  at  first  HCl  is  added,  cupric 
chloride  is  produced,  from  which  chlorine  can  be  obtained  by 
heating.     100  kilog.  of  CuCls  are  stated  to  yield  6  or  7  cubic 
metres   of    chlorine   gas;    and  as  in  24  hours   at  least  4   or 
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S  operations  can  be  performed^  the  above  quantity  suffices  for 
a  daily  production  of  from  4  to  6  cwt.  of  bleaching-powder* 

As  long  as  the  copper  processes  were  carried  out  in  the  manner 
hitherto  described  they  could  not  be  technically  successful,  owing 
to  the  imavoidable  large  quantity  of  copper  employed  and  the  cor- 
x'esponding  loss  of  copper.  Success  was  only  reached  when  Henry 
Deacon  had  conceived  the  notion  of  combining  the  ideas  of  Oxland 
and  Vogel,  by  passing  the  mixture  of  air  and  hydrogen  chloride, 
not  over  an  indifferent  substance  like  pumice,  but  over  a  porous 
substance  impregnated  with  copper,  and  by  turning  the  reaction 
into  a  continuous  process,  in  which  the  successive  reactions  of  the 
•copper  chlorides  with  HCl  and  O  pass  on  within  those  porous 
substances.  His  first  patent  dates  from  April  29, 1868  (No.  1403) ; 
further  20  patents  were  taken  out  within  the  few  years  up  to 
his  death,  which  occurred  in  1876.  Deacon  has  himself  publicly 
recognized  the  important  services  rendered  in  the  working-out  of 
his  process  by  Ferdinand  Hurter  and  by  Eustace  Carey. 

Even  now  in  England  the  remark  is  sometimes  made  that  no 
German  patent  has  been  granted  for  the  Deacon  process  (no 
more  than  for  the  Weldon  process),  and  this  is  styled  a  de- 
signed  ''robbery.^'  This  reproach  is  not  merely  unjust,  but 
simply  ridiculous*  Up  to  1876  there  was  no  patent  law  in 
existence  for  all  Germany.  An  inventor  would  have  had  to  apply 
for  patents  in  the  36  single  German  States,  many  of  which  did  not 
grant  any  patents  at  all.  Prussia  did  grant  patents,  but  merely 
for  inventions  embracing  an  entirely  new  principle  (which  could 
not  be  said  of  either  Weldon's  or  Deacon's  process) ;  such  in- 
ventions are,  of  course,  very  rare,  and  in  fact  only  from  20  to  50 
patents  per  annum  were  then  granted  in  Prussia,  which  were 
mostly  of  little  use  to  their  owners,  as  the  same  invention  could  be 
worked  in  the  adjoining  small  States  without  any  patent.  The 
injustice  of  the  above  reproach  is  all  the  more  flagrant,  since  the 
Germans  have  not,  as  might  be  inferred  therefrom,  greedily  thrown 
themselves  upon  the  Deacon  process.  Only  two  factories  have 
introduced  it,  and  this  was,  at  least  in  one  case  (if  not  in  both), 
-done  on  the  strength  of  an  understanding  with  the  English 
|)atentees! 

If  the  present  German  patent  law  (dating  from  1876)  had  been 
in  force  at  that  period,  there  is  no  doubt  whatever  that  Deacon 
«7ould  have  obtained  a  patent,  and  that  consequently  the  German 
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industry  would  bave  availed  itself  far  more  of  his  invention  than 
was  actually  done^  as  the  royalty  would  have  assured  a  com*, 
munication  of  the  inventor's  special  experiences  and  an  undis* 
turbed  use  of  the  same. 

Deacon^s  process  became  first  more  widely  known  in  1870  by 
a  paper  read  by  Mr.  Deacon  at  the  Liverpool  Meeting  of  the 
British  Association^  which  at  once  excited  general  attention  and 
great  expectations.  That  paper  was  reprinted  in  the  '  Chemical 
News/  vol.  xxii.  p.  157.  It  starts  from  the  fact,  known  long 
before,  that  a  mixture  of  hydrochloric-acid  gas  and  oxygen  at  a 
sufficient  heat,  especially  on  passing  over  red-hot  porous  materials^ 
is  partially  split  up  with  formation  of  chlorine  and  water  : 

2HC1  +  0=H20+2C1; 

but  by  the  employment  of  certain  substances,  over  which  the 
mixture  is  passed,  the  decomposition  was  stated  to  take  place  at  a 
lower  temperature,  and  so  completely  that  all  the  HCl  could  be 
decomposed  and  its  chlorine  liberated  [this  is  both  theoretically 
and  practically  wrong].  For  this  object  a  substance  must  be 
chosen  which  remains  unchanged  when  the  mixed  gases  pass  over 
it,  but  influences  the  changes  in  the  gases.  Copper-salts  possesa 
this  power  in  a  very  marked  degree ;  and  of  these  the  sulphate  i» 
the  most  convenient.  If  pieces  of  common  red  brick  are  dipped 
into  a  solution  of  cupric  sulphate  and  dried,  charged  into  tubes> 
and  the  heated  gases  passed  through,  the  reaction  already  sets  in 
at  204°  C,  and  is  most  active  between  373°  and  400°;  at  427°  C. 
cupric  chloride  begins  to  volatilize.  Thus  an  indefinitely  small 
particle  of  cupric  sulphate  can  effect  the  liberation  of  the  whole  of 
the  chlorine  from  an  indefinitely  large  mass  of  hydrochloric  acid 
gas.  Ths  activity  of  the  cupric  sulphate  seems  to  depend  entirely 
upon  its  surface.  According  to  the  speed  of  the  current  of  gas 
more  or  less  HCl  is  decomposed;  but  the  quantity  of  chlorine 
liberated  is  a  constant  for  the  same  apparatus,  temperature,  and 
time.  Even  the  admixture  of  indifferent  gases,  as  aqueous  vapour, 
nitrogen,  carbouic  acid,  sulphuric  acid,  does  not  change  the  law. 
Deacon  was  led  to  this  observation  by  tiieoretical  deductions  from 
the  previously  discovered  process  of  preparing  chlorine  by  heating 
cupric  chloride,  oxidizing  the  cuprous  chloride,  adding  HCl,  and 
again  liberating  chlorine  from  the  product  formed.     But  his  idea 
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differs  from  this  in  the  important  point  that  he  carries  on  the 
reactions  not  successively^  but  simultaneously,  and  thus  arrives  at 
a  continous  process  of  preparing  chlorine.  He  further  found  the 
chlorine  gas,  diluted  with  so  much  nitrogen,  to  yield  strong 
bleaching-powder  if  passed  over  a  large  surface  of  Ume  in  such 
a  manner  that  the  strongest  gas  meets  with  the  most  nearly 
saturated,  the  weakest  gas  with  fresh  lime.  Deacon  states  the 
reaction  itself  to  be  a  source  of  heat,  4  volumes  of  HCl  and 
1  of  O  {i.e.  5  volumes)  yielding  2  vols.  HjO  and  2  vols.  CI 
=4  volumes.  If  from  the  34,462  units  of  heat,  resulting  from 
the  union  of  oxygen  and  hydrogen,  the  23,783  units  are  de^ 
ducted  which  are  required  as  the  combining-heat  of  chlorine 
and  hydrogen,  an  excess  of  10,679  units  of  heat  remains  to  be 
given  out.  The  water  and  nitrogen  present,  absorb  this  heat 
and  reduce  the  apparent  temperature ;  but  this  evolution  of  heat 
is  a  material  assistance  in  making  up  for  the  loss  of  heat  in 
the  decomposing-apparatus  by  radiation.  [Upon  this  point  a 
discussion  afterwards  arose:  Thomsen  (Dingl.  Journ.cxcix.  p.  128) 
charged  Deacon  with  having  overlooked  that  the  water  formed  is 
not  in  a  liquid  but  in  a  gaseous  form,  which  reduces  the  heat  to 
be  disposed  of  to  one  half ;  Hurter  replied  in  the  '  Berichte  der 
deutschen  chemischen  Gesellschaft,^  1871,  p.  199 ;  and  Thomsen^ 
ib.  p.  596,  upheld  his  first  position.] 

Deacon  further  states  that,  in  the  gases  evolved  in  the  ordinary 
salt-decomposing  apparatus,  sufficient  air  is  present  to  liberate  all 
the  chlorine ;  the  heat  of  the  gas  requires  to  be  carefully  regulated, 
but  can  be  easily  kept  constant  by  means  of  a  brickwork  regulator 
and  an  improved  pyrometer.  Iron  resists  the  action  of  chlorine 
gas  very  well  [but  only  in  the  perfectly  dry  state !]  ;  the  large 
bulk  of  the  gases  causes  no  difficulty ;  and  the  only  real,  but  not 
very  important  difficulty  is  the  volatilization  of  some  ferric 
chloride,  which  is  deposited  in  the  bricks  saturated  with  copper- 
salt,  and  must  be  kept  out  by  a  purifying  apparatus  specially 
interposed. 

Even  after  the  first  difficulties  appeared  to  be  overcome.  Deacon 
incessantly  made  new  endeavours  to  clear  up  the  conditions  of  the 
process ;  their  results  are  stated  in  a  lecture  delivered  before  the 
London  Chemical  Society  (Chem.  Soc.  Joum.  x.  pp.  725-767). 
The  following  is  a  brief  abstract  of  them  : — 
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Only  such  substances  exert  a  ''  catalytic '^  action  upon  a  mixture 
of  HCl  gas  and  air  as  are  chemically  acted  upon  by  hydrochloric 
acid^  especially  those  which  form  chlorides  with  it  decomposable 
by  hot  dry  air  with  evolution  of  chlorine;  but  the  amount  of 
action  of  the  HCl  upon  those  substances  is  not  proportional 
to  the  amount  of  chlorine  obtained  by  continuous  action.  It 
is  indefinitely  small  with  days,  most  pumice  stones^  ferric  and 
chromic  oxides.  To  obtain  the  action  in  the  highest  degree, 
the  substance  must  at  the  same  time  possess  affinity  for  oxygen 
at  the  temperature  worked  with.  The  most  active  substances  are 
the  salts  of  copper— of  which  the  sulphate  is  always  employed, 
on  account  of  its  cheapness.  There  is  always  some  cupric  chloride 
formed,  but  fortunately  not  in  sensible  quantities,  except  at  a  tem- 
perature above  the  most  favourable  to  the  evolutiou  of  chlorine. 
Not  the  mass^  but  the  surface  of  the  copper-salt  determines  the 
amount  of  the  reaction.  For  the  same  mixtures  of  HCl  and  O, 
and  at  the  same  temperatures,  the  quantity  of  HCl  decomposed 
by  a  molecule  of  a  copper-salt  in  a  given  time  depends  upon 
the  number  of  times  the  molecules  of  the  gaseous  mixture  are 
passed  through  the  sphere  of  action  of  the  copper-salt.  Inversely 
the  activity  of  a  molecule  of  copper-salt  depends  upon  the  speed 
with  which  fresh  matter  is  presented  to,  and  the  products  are 
removed  firom  it.  In  this  no  force  is  created,  but  (as  Bunsen 
says  in  his  '  Gasometry,'  Engl,  trausl.  p.  255)  ''  catalytic  action 
is  not  an  equivalent  to  the  unlimited  amount  of  labour ;  but  for 
every  decomposition  effected  an  equivalent  amount  of  force  is 
absorbed,  just  as,  in  the  case  of  a  weight  raised  by  a  falling  body, 
a  force  is  expended  exactly  equivalent  to  the  work  done.''  In 
long  parallel  tubes  of  the  same  diameter,  the  number  of  oppor- 
tunities of  action  in  the  same  time  is  nearly  the  same  at  all 
velocities  of  the  current  of  gas;  in  similar  tubes  of  different 
diameters  it  remains  the  same  when  the  velocities  of  the  currents 
of  gas  are  in  inverse  proportion  to  the  squares  of  the  tubes' 
diameters.  In  porous  masses  the  opportunities  of  action  increase 
with  increased  velocities  of  the  current  of  gas  in  nearly  direct 
proportion.  Other  conditions  remaining  the  same,  the  percentage 
of  hydrochloric  acid  decomposed  in  any  given  time  varies  with  the 
square  root  of  the  proportional  volume  of  oxygen  to  hydrochloric 
acid.  The  cupric  chloride  formed  bears  no  definite  proportion  to 
the  quantity  of  chlorine  evolved.     As  the  sphere  of  action  includes 
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molecules  not  in  contact  with  the  copper-salt^  therefore  HCl  must 
be  decomposed  under  circumstances  where  the  union  of  either 
element  with  the  copper-salt  is  impossible ;  i.  e.  the  decomposition 
must  be  in  part^  if  not  entirely^  caused  by  the  resultant  of  the 
forces  engaged^  and  therefore  direct  from  2HC1 + O  to  H ^0 + CI. 

If  the  truth  must  be  told^  the  somewhat  pretentious  theoretical 
investigations  of  Deacon^  so  far  as  can  be  seen^  have  had  next 
to  no  influence  in  promoting  the  practical  working-out  of  the 
process ;  the  latter  has  had  to  be  done  according  to  the  ordinary 
homely  technical  rules.  If  Deacon  had  only  not  been  so  positively 
convinced  that  he  had  already  discovered  the  true  theory  of  the 
process  called  after  him,  even  to  the  oscillations  of  the  molecules, 
there  would  not  have  been  so  many  and  such  costly  mistakes  made 
by  himself  and  others,  instead  of  proceeding  cautiously  with  further 
investigations  (Hasenclever,  Dingl.  Journ.  ccxxii.  p.  257). 

A  further  contribution  to  the  theory  of  the  Deacon  process  has 
been  made  by  Hensgen  (Dingl.  Journ.  ccxxvii.  p.  369).  He 
starts  from  his  observations  on  the  decomposition  of  anhydrous 
cupric  sulphate  by  dry  HCl  gas  (Vol.  II.  p.  40),  and  finds  that,  in 
the  case  of  simultaneous  action  of  oxygen,  the  decomposition  takes 
place  almost  quantitatively  according  to  the  equation 

CuClj + H,S04  +  O  «  CuSO^  -h  HjO  +  CI,. 

When  air  was  employed  instead  of  oxygen,  the  decomposition  was 
less  complete.  Such  a  mixture  of  CuCl,  and  H3SO4  is  just  formed 
by  the  action  of  HCl  upon  anhydrous  cupric  sulphate.  But 
when  more  sulphuric  acid  is  present  than  is  required  by  the  above 
equation,  the  HCl  is  given  off  so  quickly  that  the  oxygen  as 
it  arrives  has  scarcely  time  to  act,  and  thus  but  little  chlorine 
is  produced.  The  reactions  which  take  place  when  HCl  and  air 
act  upon  CuCl,  without  sulphuric  acid,  are  represented  by  Hensgen 
in  this  way : — 

1.  6CuCl8=:2(CuCls  +  Cu2Cl2)  +4C1; 

2.  2  (CuClj  +  CujCla)  =3Cu3CI,  +  2C1 ; 

3.  Cu3Cl3  +  0=:CuO,CuCl8 ; 

4.  CuO,CuCl,  +  2HCl=2CuCl,  +  H20. 

The  following  simpler  formulae  will  sufiBice  for  our  purpose : — 

1.  2CuCl2=Cu3Cl,  +  Cl2; 

2.  CujClj  -h  O2 = 2  CuO  +  CI2  j 

8.     2CuO+4HCl=2CuCl2  +  2H20. 
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Experimental  investigations  on  the  equilibrium  between  HCl^ 
O,  CI,  and  H3O  have  been  made  by  Hautefeuille  and  Margottet 
(Compt.  Rend.  cix.  p.  641)  and  Le  Ch&telier  {eod.  loco,  p.  664), 
both  reproduced  in  Joum.  Soc.  Chem.  Ind.  1889,  pp.  184  &  185  ; 
but  these  do  not  possess  any  immediate  practical  importance  for  * 
the  Deacon  process. 

The  thermical  phenomena  in  the  Deacon  process  are  as  follows :—  ■ 
If  oxygen  acts  ou  liquid  hydrochloric  acid,  no  decomposition  takes 
place.     The  formation  heats  are  : — 

(1.)     2(H,Cl,6-5  aq.)  +  0=78-8  cal. 
(2.)       (H„0)+C1,  =690    „ 

Hence  9*8  cal.  must  be  introduced  from  without  in  order  to  get 
from  system  No.  1  to  No.  2,  and  this  can  be  done  directly  only  by 
electrical  energy  (or  light  &c.),  or  indirectly  by  oxygen  carriers, 
such  as  manganese  peroxide,  chromates,  &c. 

It  is  different  in  the  gaseous  state.     Here  we  have : — 

(1.)     2{H,Cl)+0 44     cal. 

(2.)       (H2,0)+Cl2      ....     58-2    „ 

Hence  in  the  transition  from  No.  1  to  No.  2, 14'2  calories  are  set 
free,  and  this  transition  can  take  place  without  any  importation  of 
energy  from  without ;  it  is  even  a  source  of  heat,  although  not  to 
the  extent  asserted  by  Deacon  (p.  375). 

In  spite  of  this,  the  above  transition  cannot  be  carried  out  to  any 
considerable  extent  unless  it  is  assisted  by  a  carrier  of  the  reaction 
(a  ''  catalytic  ''  or  ''contact ''  substance),  for  which  purpose  only 
the  oxides  of  copper  are  practicable.  Cupric  chloride,  CuCljj,  is 
dissociated  by  heating;  at  a  temperature  of  about  400^0. it  splits 
up  into  protochloride  and  free  chlorine,  with  the  following  heat 
phenomena  (in  the  solid  state)  : — 

(1.)     2(Cu,Clj)  =  (Cu^Clj)  +  CI, 
103-2  71-2  cal. 

The  82  calories  required  for  the  transition  are  furnished  by  the 
heating  to  400°  C* 

Cuprous  chloride  has  the  property  of  easily  absorbing  oxygen 

*  This  is  a  fresh  proof  of  the  uncertainty  of  all  predictions  founded  on 
thermochemical  data  (comp.  Vol.  II.  p.  477,  inter  alia).  By  the  reaction 
2HCl+0=HaO+Cl2,  without  employing  a  special  "carrier,"  or  "contact- 
substance/^  much  heat  is  liberated ;  and  this  reaction  should  therefore  proceed 
vety  easily,  whereas  the  direct  contrary  is  the  case.      On  the  other  hand^ 
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at  ordinary  temperatures^  with  formation  of  an  oxychloride ;  at 
high  temperatures  it  yields  in  contact  with  oxygen  directly  cupric 
oxide  and  chlorine : — 

(2.)     (Cu„Cl,)  +  0,= 2(Cu,0)  +  CI2 
71-2  74-3  cal. 

according  to  the  general  style  of  aiguing  from  thermochemical  data,  the 
reaction  2GuCl3=Cu2Cla+Cla  should  set  in  with  great  dilBculty  and  Terj 
incompletely  even  at  a  very  high  temperature,  whereas,  ^ain,  the  exact 
contrary  takes  place.  Hurter  endeavours  to  explain  this  contradiction  by  the 
following  statement  (Joum.  Soc.  Chem.  Inst.  1883,  p.  107) : — "  The  action  of 
copper  iix  this  process  is  almost  unique,  and  depends  upon  the  property  of 
cupric  chloride  of  becoming  capable  of  dissociation — to  be,  so  to  say,  able  to 
convert  heat  into  chemical  eneigy."  In  plain  English  this  means : — ^predselj 
iu  one  of  the  most  important  reactions  of  the  caso  which  was  to  be  explained, 
viz.  the  Deacon  process,  treated  by  Deacon  and  by  Hurter  himself  with  such 
an  expenditure  of  arguments  taken  from  scientific  considerations,  the  aid  of 
thermochemistry,  to  which  they  constantly  appeal,  entirely  fails,  and  refuge 
is  taken  in  the  assumption  of  an  '*  almost  unique  "  property  of  copper.  But 
this  property  itself  remains  unexplained.  So  far  from  it  being  an  almost 
unique  property  of  cupric  chloride  to  convert  heat  into  chemical  energy,  pre- 
cisely the  same  property  belongs,  e.y.,  to  sulphuric  acid,  to  sulphuric  anhydride, 
to  carbonic  anhydride — all  of  which  are  dissociated  by  mere  heating — besides 
many  other  substances;  and  another  long  series  of  examples  of  converting 
heat  into  chemical  energy  is  furnished  by  the  reduction  of  the  metallic  oxides 
by  carbon,  and,  among  others,  by  the  Leblanc  process  itself,  in  which  a  principal 
part  is  played  by  the  endothermic  reduction  of  sodium  sulphate  to  sulphide 
(Vol.  n.  p.  477). 

Under  these  circumstances  I  do  not  see  the  utility  of  giving  more  details  of 
Hurter's  reasoning,  or  illustrating  his  graphical  delineation  of  thermochemical 
data,  to  which  particular  value  is  attributed  by  some  writers,  since  they  leave 
us  unenlightened  in  the  very  case  for  which  they  are  invoked.  On  the  contrary, 
I  cannot  but  look  at  such  "  scientific  treatment ''  of  technical  questions,  with 
its  mathematical  apparatus,  as  possessing  a  very  restricted  value  and  sometimes 
leading  to  real  delusions;  the  essence  of  the  phenomena  is  not  elucidated 
thereby ;  nor  is  there  any  proof  given  of  its  practical  utility.  If  Deacon  really 
had  acted  upon  those  alleged  scientific  premises,  they  would  have  prevented 
him  from  pursuing  his  invention,  as  the  dissociation  of  CuClj  is  contrary  to  the 
usual  thermochemical  reasoning. 

The  logical  fault  committed  by  this  kind  of  argument  is  that  it  takes 
account  of  only  one  side  of  a  ver}'  complicated  series  of  conditions  and  phe- 
nomena, viz.,  that  which  b  sufficiently  adapted  for  exact  treatment ;  but  the 
net  result  may  be  more  influenced  by  other  sides  of  the  problem,  hitherto  inac- 
cessible to  such  treatment. 

It  is  unnecessary  to  say  that  nothing  is  further  from  my  mind  than  ta 
depreciate  a  really  scientific  discussion  of  technical  processes ;  but  I  feel  bound 
to  protest  against  an  oveivestimation  and  an  improper  application  of  the  mathe* 
m&tical  treatment  of  such  questions. 
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There  is  an  evolution  of  3*1  calories  in  this  case.  If  at  last 
cupric  oxide  is  again  re-converted  into  cnpric  chloride  by  hydro- 
chloric acid^  there  is  again  a  liberation  of  heat : — 

(3.)     2(Cu,0)  +  4(H,C1)  =2(Cn,Cl,)  +2(Hs,0) 

74-3  +       88  103-2  +     116-4    cal. 

103-2+116-4-(74-3+88)=57-3  cal. 

The  algebraic  sum  of  the  calories  concerned  in  the  reactions 
No.  1  to  3  is  3'2+57-3— 32=28-5  cal.,  that  is  a  positive  magni- 
tnde.  Hence^  if  once  the  reaction  has  set  in,  it  can  go  on  without 
any  addition  of  heat  or  other  form  of  energy  as  long  as  HCl  and 
O  are  supplied. 

The  dissociation  of  cupric  dioxide  (reaction  No.  1)  will  cease 
as  soon  as  the  presence  of  the  chlorine  gas  has  reached  a  certain 
limit,  increasing  with  the  temperature,  as  is  the  case  in  all  reversible 
reactions.  Hence  the  decomposition  of  HCl  will,  up  to  a  certain 
point,  be  all  the  more  perfect  the  higher  the  temperature.  But  if 
once  the  temperature  is  reached  at  which  CuCls  can  no  longer 
exist,  the  whole  cycle  of  reaction  will  be  discontinued  :  then  the 
"  catalytic  action  ^'  of  the  copper  salt  on  the  mixture  of  HCl  and 
O  will  cease.  Care  must  therefore  be  taken  not  to  exceed  that 
upper  limit  of  temperature. 

The  reactions  of  the  Deacon  process,  like  all  reactions  among 
gaseous  bodies,  are  more  perfectly  carried  out,  firstly,  the  more 
uniform  we  keep  the  composition  of  the  gaseous  mixture ;  secondly, 
the  less  inert  gas  is  mixed  with  that  which  enters  into  the  reaction. 
Even  a  large  excess  of  one  of  the  gases  really  concerned  in  the 
reaction  acts  in  a  similar  way,  although  usually  a  certain  excess 
of  a  gas  which  costs  little  or  nothing  (in  this  instance,  of  atmo- 
spheric oxygen)  may  be  useful. 

The  decomposition  of  the  hydrogen  chloride  can  be  carried  all 
the  ftirther  the  more  a  useless  excess  of  air  is  avoided,  and  the 
more  uniform  is  the  mixture  of  HCl  and  air.  This  is  an  important 
factor  in  Hasenclever's  process  of  expelling  HCl  from  impure 
hydrochloric  acid  by  sulphuric  acid  and  air  {vide  infra). 

The  importance  of  the  Deacon  process  rests  on  the  following 
points: — In  the  old  manganese-ore  process  theoretically  50  per 
cent.,  practically  hardly  more  than  30  or  33  per  cent.,  of  the 
chlorine  of  the  hydrochloric  acid  is  set  free.  In  the  Weldon 
process  the  proportion  of  chlorine  utilized  is  even  less  in  theory. 
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viz.  40  per  cent.^  but  in  practice  it  is  about  the  same  as  with 
manganese  ore.  But  in  the  Deacon  process  theoretically  all  the 
chlorine  of  HCl  is  obtained  in  the  free  state ;  in  practice  it  is  cer- 
tainly far  removed  from  that.  Until  the  last  few  years,  as  long  asi 
the  roaster-gas  could  not  be  utilized,  at  most  40  per  cent,  of  the 
HCl  was  obtained  as  free  chlorine,  that  is  in  itself  more  than  in  the 
other  processes ;  and  the  remaining  60  per  cent,  were  recovered  a» 
hydrochloric  acid,  the  greater  part  of  which  is  strong  enough  to* 
be  utilized  for  making  chlorine  by  the  Weldon  process,  so  that 
altogether,  with  good  work,  not  much  less  than  twice  as  much 
chlorine  is  obtained  as  with  the  Weldon  process  alone.  At  all 
events  this  can  be  achieved  by  the  employment  of  those  processes 
which  admit  of  utilizing  the  roaster-acid  for  the  Deacon  process. 
It  will  hardly  be  contradicted  that  that  process,  since  the  great 
mistakes  made  in  bringing  it  out  at  first  have  been  overcome,  is 
by  far  the  most  advantageous  of  those  chlorine-making  processes 
which  are  actually  working  on  the  large  scale.  Most  other  pro- 
posed new  processes  will  hardly  be  able  to  compete  with  it ;  this  is 
also  very  doubtful  of  the  nitric-acid  processes  for  making  chlorine. 
But  it  would  be  certainly  too  much  to  say  that  the  Deacon  process 
is  the  best  imaginable  of  all  possible  chlorine  processes,  and  it  is 
very  probable  that  it  will  in  the  end  have  to  give  way  to  electro- 
lysis. It  is  at  all  events  a  fact,  somewhat  difficult  to  explain,  that 
the  Deacon  process  even  in  England  has  made  but  little  headway 
against  the  Weldon  process. 

Practical  Working  of  the  Deacon  Process, 

The  hydrogen  chloride  required  for  this  process  was  formerly 
taken  exclusively  from  the  saltcake-pans,  directly  in  the  form  of 
gas :  the  roaster-gas  could  not  be  utilized  for  it,  as  w^e  shall  see^ 
and  had  to  be  condensed  in  the  usual  manner  to  (impure)  aqueous 
hydrochloric  acid.  This  direct  employment  of  the  pan-gas  has 
the  great  disadvantage  that  the  gaseous  mixture,  formed  by  the 
entrance  of  air,  varies  considerably  during  the  operation,  since 
the  current  of  HCl  given  off  in  the  pan  is  at  first  much  stronger 
than  later  on  (Vol.  II.  p.  316  etseg.).  This  might  be  equalized  to 
a  great  extent  if  two  saltcake-pans  were  employed  for  each  Deacon 
apparatus  to  be  charged  alternately :  the  strong  gas  first  given 
off  would  be  conducted  into  the  Deacon  apparatus,  the  weak  gas 
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coming  off  later  on  into  a  coke-tower.  This  proposal  has  been 
actually  made,  but  apparently  never  been  carried  into  practice, 
probably  on  account  of  the  complication  and  the  difficulty  of 
changing  the  currents. 

The  hydrogen  chloride  from  the  Hargreaves  process  (Vol.  II. 
p.  271)  is  too  much  diluted  by  nitrogen  to  be  applicable  for 
the  Deacon  process;  its  great  uniformity  would  certainly  be  an 
advantage. 

It  seems  as  if  during  the  last  few  years  the  tendency  had  been 
to  produce  greater  uniformity  of  the  current  of  gas  in  the  ordinary, 
ealtcake-pan,  by  gradually  running-in  the  sulphuric  acid,  &c., 
and  as  if  by  this  means  the  reaction  in  the  '^  decomposer '^  had  been 
very  much  improved. 

The  roaster-gas  was  formerly  entirely  excluded  from  use  in  the 
Deacon  process^  since  otherwise  the  catalytic  substance  became 
inactive  in  a  very  short  time,  and  the  conversion  of  HCl  into 
chlorine  came  to  a  standstill  (see  below) .  It  was  soon  recognized 
that  this  was  caused  by  the  sulphuric  acid  contained  in  that  gas, 
but  for  a  long  time  nothing  else  could  be  done  than  condensing 
it  in  the  old  way  by  means  of  coke- towers  into  aqueous  hydro- 
chloric acid  and  working  this  up  by  the  Weldon  process.  After 
many  other  attempts  to  utilize  the  roaster-gas  in  the  Weldon 
process  had  failed,  this  last  was  at  length  satisfactorily  solved  by 
Hasenclever^s  process  (Engl.  pat.  3393,  1883),  described  Vol.  II. 
p.  417.  This  consists  in  treating  impure  hydrochloric  acid  by  hot 
sulphuric  acid  and  air,  thus  obtaining  a  mixture  of  pure  gaseous 
HCl  with  the  quantity  of  air  required  for  the  process.  This 
mixture  behaves  in  the  "decomposer*^  even  much  better  than 
that  coming  directly  from  the  saltcake-pans,  as  it  is  not  in  the 
same  way  exposed  to  considerable  variations  in  its  composition, 
but  is  always  of  uniform  quality :  in  fact  the  decomposition  with 
this  gas  can  be  driven  up  to  85  per  cent.^  and  it  might  be  profitable 
to  condense  even  the  pan-gas  first  to  liquid  acid,  and  drive  the 
HCl  out  of  this  as  well  by  sulphuric  acid  in  the  shape  of  a 
uniform  mixture  with  air.  The  question  whether  such  a  process 
would  pay  or  not  depends  upon  the  cost  of  the  fresh  concentration 
of  the  sulphuric  acid.  With  cheap  coal  and  with  top-fired  pans 
(Vol.  I.  p.  660),  the  cost  of  the  Hasenclever  process  is  16*.  per  ton 
of  bleaching-powder ;  this  is  not  very  cheap,  but  offers  an  ad  van- 
lage  in  comparison  with  the  low  value  of  roaster  acid. 
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P&hiney  (Engl.  pat.  No.  1276,  1892)  describes  a  diflferent 
apparatus  for  expelling  pure  HCl  from  impure  acid  by  means  of 
sulphuric  acid.  This  has  been  described  (Vol.  II.  p.  419)  from  the 
French  specification. 

A  similar  object  as  Hasenclever's  is  pursued  by  Solvay  (Vol.  II, 
p.  416),  who  employs  a  solution  of  calcium  chloride,  and  by  Lunge 
and  Naef  (Vol.  II.  p.  417),  who  cause  impure  hot  hydrochloric 
acid  to  come  into  contact  with  hot  air  in  opposite  currents. 
The  latter  process,  as  I  have  been  privately  informed,  has  been 
actually  carried  out  at  a  large  factory,  bat  the  patent  having 
been  abandoned  no  certain  data  can  be  obtained  thereon.  The 
apparatus  then  proposed  by  us  (but  not  actually  carried  out)  is 
described  in  Fischer's  Jahresb.  1890,  p.  504. 

An  apparatus  patented  by  P^chiney  (Germ.  pat.  69081)  is 
evidently  a  development  of  the  principle  enunciated  by  myself 
and  Naef.  A  tower  is  divided  into  two  unequal  compartments  by 
a  vertical  partition.  The  narrower  compartment  contains  several 
dishes  vertically  placed  one  above  the  other,  the  impure  acid 
running  downwards  over  these,  and  at  the  bottom  entering  into 
the  wider  compartment  which  is  connected  with  the  top  of  a 
Glover  tower  filled  with  pebbles,  in  which  the  acid  further  descends 
and  is  met  by  an  ascending  current  of  hot  air. 

All  these  processes  have  the  disadvantage  of  not  removing  the 
siilphwrous  acid  contained  in  the  roaster-gas,  which  remains  with 
the  HCl  and  in  the  decomposer  is  converted  into  sulphuric  acid, 
and  thus  exerts  an  injurious  action.  Kolb  avoids  this  by  a  process 
(Engl.  pat.  6500, 1891 ;  Bull.  Soc.  Chim.  1892  [3]  vii.  p.  689)  not 
entirely  novel  in  principle.  He  causes  the  roaster-gas  to  pass 
through  a  chamber  filled  with  lumps  of  salt  of  the  kind  employed 
in  the  Hargreaves  process  (Vol.  II.  p.  249)  and  kept  at  the  requisite 
temperature  of  about  450^.  Here  the  HCl  is  not  changed  at  all, 
but  both  the  sulphuric  and  sulphurous  acid  are  retained,  and  in 
their  place  more  HCl  is  added  to  the  gas,  which  now  goes  into  the 
^' decomposer  ^^  (see  below).  A  little  free  chlorine  is  formed  at 
the  same  time  through  the  action  of  the  porous  salt  lumps  on  the 
mixture  of  HCl  and  O,  all  of  this  with  evolution  of  heat  (Vol.  11. 
p.  245).  After  a  certain  time  the  salt  lamps  are  removed  long 
before  they  are  entirely  transformed  into  NagSO^  (which  would  be 
impracticable),  and  are  passed  through  an  ordinary  saltcake- 
fumace^  in  order  to  be  converted  into  good  saltcake.    The  last 
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trace  of  SOg  is  removed  from  the  gas  by  passing  it  through  brick- 
bats impregnated  with  magnesium  chloride  and  cupric  chloride; 
here  the  SOj  is  transformed  into  MgSO^.  The  chamber  intended 
for  retaining  the  acids  of  sulphur  can  be  either  combined  with  the 
''  decomposer/^  or  placed  directly  behind  the  mufSe  of  the  roaster 
and  heated  by  a  separate  fire :  in  this  case  the  heat  of  the  gases^  a» 
they  come  from  the  roaster,  is  made  use  of.  But  this  has  the 
disadvantage  that  the  gas  must  be  heated  still  further;  before 
entering  into  the  decomposer  it  must  be  cooled  down  again,  in 
order  to  condense  the  water,  and  then  it  must  be  once  more 
heated. 

It  is  therefore  still  an  open  question  whether  it  is  best  to 
place  the  chamber  behind  the  roaster  or  in  connexion  with  the 
decomposer. 

Simpson  (Engl.  pat.  19776,  1890)  believes  that  the  hydrogen 
chloride  obtained  by  his  process  (pat.  No.  18835,  1890,  p.  217), 
by  the  action  of  phosphoric  acid  on  the  NaCl,  is  as  good  as  free 
iirom  nitrogen  and  therefore  specially  adapted  for  the  Deacon 
process. 

The  Deacon  process  embraces  the  following  essential  operations. 
The  acid  gas  coming  from  the  saltcake-pan,  and  already  there 
mixed  with  a  sufficient  quantity  of  air,  is  deprived  of  great  part 
of  its  steam  by  cooling  (in  which  process  a  somewhat  considerable 
quantity  of  HCl  is  condensed  as  well),  is  then  heated  in  iron  pipes 
to  about  400^  C,  and  is  now  passed  through  an  apparatus  in  which 
the  reaction  2HC1  +  0=H20  +  Cl2  is  carried  through  by  contact 
with  lumps  of  clay  impregnated  with  a  solution  of  cupric  chloride. 
The  gaseous  mixture  issuing  from  here  is  freed  from  the  unde- 
composed  HCl  by  washing  with  water;  it  is  then  freed  from 
steam  by  means  of  sulphuric  acid,  and  now  consists  of  a  mixture 
of  about  5  vol.  per  cent,  chlorine  with  very  much  nitrogen  and  a 
little  oxygen,  which  is  drawn  off  by  a  Boots  blower  and  is  employed 
for  manufacturing  bleaching-powder  or  chlorates. 

The  Deacon  Apparatus. 

Fig.  131  gives  a  general  outline  of  the  Deacon  apparatus,  the 
single  parts  of  which  are  : — 1.  The  cooling-pipes  a  and  the  dry  coke- 
tower  b.  2.  The  superheater  c.  3.  The  decomposer  rf.  4.  The 
condensing-apparatus  e  e  with  the   wet  coke-tower  /.      5.  The 


THE  DEACON  PROCESS.  885 

drying-tower  g.  These  parts  will  now  be  described  in  detail.  A 
practical  '^unit^'  of  the  Deacon  plant  consists  of  the  following 
apparatus : — 

1.  A  saltcake-paUf  in  which  68  to  70  per  cent,  of  the  HCl  are 
disengaged  from  the  salt ;  the  remainder  of  the  HCl  is  expelled  in  a 
muGQe-f  arnace,  and  is  condensed  in  an  ordinary  coke-tower  to  liquid 
acid,  which  is  either  treated  by  the  Weldon  process  for  chlorine, 
or  by  the  Hasenclever  process  (p.  382)  for  pure  HCl,  to  be  used 
in  the  Deacon  process  as  well. 

The  usual  work  of  a  pan  is  45  tons  of  salt  decomposed  per  week; 
by  means  of  the  Deacon  plant  18  to  20  tons  36  per  cent,  of  bleach 
is  made  from  the  pan-acid,  besides  which  about  18  tons  of  hydro- 
chloric acid  is  recovered  (much  of  it  in  a  dilute  state),  and  all  the 
roaster-acid,  unless  this  is  used  up  as  well  by  means  of  the 
Hasenclever  process.  Theoretically  it  would  be  much  better  to 
combine  two  saltcake-pans  with  each  Dedcon  plant,  but  this  does 
not  seem  to  be  carried  out  in  practice  (p.  381). 

The  air  required  for  the  reaction  is  mixed  with  the  hydrogen- 
chloride  gas  already  in  the  saltcake-pan,  by  regulating  the  speed 
of  the  aspirating-apparatuR^  which  acts  behind  the  bleaching, 
powder  chambers,  in  such  manner  that  the  proper  quantity  of  air 
is  drawn  in  through  the  pan-door.  This  is  checked  from  time  to 
time  by  drawing  off  a  sample  of  the  pan-gas  by  means  of  a  small 
aspirator  and  causing  it  to  pass  through  standard  soda  solution, 
coloured  with  litmus  or  some  other  indicator,  and  continuing  this 
up  to  the  point  where  the  colour  changes.  The  proportion  of  the 
residual  air  to  the  HCl  found  in  this  way  ought  to  be  as  nearly  as 
possible  equal  volumes  of  air  and  HCl.  In  the  further  progress 
of  the  gas  the  quantity  of  the  air  is  greatly  increased  by  that 
which  is  drawn  in  through  the  joints,  as  we  shall  see.  This  to  a 
certain  extent  promotes  the  decomposition,  but  it  furnishes 
dilute  chlorine  gas. 

2.  Now  follows  a  cooUng^apparattia,  consisting  of  a  long  string 
of  pipes,  preferably  connected  with  a  small  dry  coke-tower.  Here 
the  gases  are  as  much  as  possible  freed  from  water  by  the  cooling 
action  of  the  air.  The  water,  of  course,  at  the  same  time  carries 
down  a  certain  quantity  of  acid;  accoiding  to  the  strength  of  the 
sulphuric  acid  employed  for  decomposing  the  salt  and  the  moisture 
contained  in  the  salt,  the  acid  condensed  here  amounts  to  between 
10  and  12  per  cent,  of  the  total  pan-acid. 

TOL.  ui.  2  c 
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Th^  string  of  pipes  is  sometimes  upwards  of  300  feet  long. 
Glass  pipes  (Vol.  II.  p.  326)  have  proved  very  efficient  in  this  case. 
The  pipes  are  best  followed  by  a  small  coke-tower^  not  fed  with 
water,  in  which  the  acid  mist  still  floating  in  the  gas  is  mechanically 
retained. 

The  strength  of  the  acid  condensed  in  this  cooling,  range  rarely 
exceeds  26^  to  28°  Tw.,  and  in  the  case  of  wet  salt  it  is  below  this. 
It  is  usually  worked  up  in  a  Weldon  plant. 

As  the  drying  of  the  gas  is  nothing  like  complete  in  this  way, 
and  it  is  preferable  to  introduce  the  gas  into  the  decomposer  as 
dry  as  possible,  Deacon  and  Hurter  (Eno:l.  pat.  2104,  1888) 
propose  placing  a  tower  fed  with  strong  sulphuric  acid  behind  the 
cooling-apparatus. 

The  same  inventors  (Engl.  pat.  15063,  1888)  describe  another 
way  of  preparing  dry  HCl  gas  for  the  Deacon  process,  viz.,  to  add 
common  salt  to  sulphuric  acid  and  to  blow  in  air  by  means  of  a 
pipe  reaching  below  the  liquid  mass  and  ending  with  a  rose.  Thus 
the  air  is  dried,  and  the  agitation  of  the  acid  sulphate  by  the 
current  of  air  aids  in  the  decomposition. 

There  seems  to  be  no  doubt,  both  theoretically  and  practically, 
that  the  action  of  the  *'  decomposer ''  is  all  the  more  perfect  the 
drier  the  gases  enter  into  it. 

3.  The  gases  now  enter  into  the  Keating-apparatta,  This  is  a 
funiace  16  feet  square,  in  which  24  vertical  pipes,  12  inches  wide 
and  9  feet  high,  are  arranged  in  two  sets  of  12  each,  so  connected 
that  as  little  resistance  as  possible  is  offered  to  the  gas  passing 
through.  This  arrangement  will  be  better  understood  from  the 
plan,  fig.  132,  which  will  make  it  clear  that  this  heater  is  a  close 
copy  of  the  hot-blast  stoves  for  the  blast  in  pig-iron-smelting, 
according  to  the  '* breeches"  pattern  formerly  in  use  for  that 
purpose.  A  is  the  fireplace ;  B  B,  flue  conveying  the  heat ; 
B',  a  chimney  within  the  furnace,  conveying  the  flame  one  foot 
above  the  bends  of  the  heating-pipes  D  D ;  C,  holes  in  the  bottom  for 
the  exit-smoke.  Here  the  gases  are  heated  up  to  400°;  the  waste 
heat  of  this  furnace  is  employed  for  heating  the  decomposer, 
which  does*  not  possess  any  fire  of  its  own. 

Figs.  133  and  134  show  a  simpler  form  of  iron  hot-blast  stove ; 
and  it  goes  without  saying  that  any  other  shape  of  this  well-known 
apparatus  may  be  used  here. 

In  all  cases  the  fuel  gases,  after  leaving  the  heating-stove,  are 
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Carried  round  the  decomposer,  whicli  does  not  possess  a  fireplace  of 
its  own. 

Instead  of  iron  superheaters  it  is  proposed  in  F^chiney's  patent, 
No.  22320,  1891,  to  employ  the  well-known  Cowper  or  Whitwell 

Fig.  182. 
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stoves,   cnnstrurted   of  brickwork,   and  now   almost  aniversally 

used  for  blast-furnaces,     la  these  a  higher  temperature  can  be 

Flir.  133. 
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attained;  there  is  less  wear  and   tear,   and   a  cheaper  catalytic 
substance  caa  be  used,  like  De  Wylde  and  Reychler's  (see  below). 


390  TBE  CBLORIKE  INDVSTRT. 

It  is  Qsnally  stated  that  the  heating  of  the  gases  is  to  he  carried 
to  a  temperature  of  400°;  but  in  reality  450°  to  470°  C.  is  nearer 
the  truth. 

4.  The  Decomposer. — The  original  shape  of  this,  the  most 
important  part  of  the  Deacon  apparatus,  as  illustrated  and 
described  in  onr  first  edition.  Vol.  111.  p.  253  ei  teq,,  was 
altt^ether  a  technical  failure,  and  this  mixtake  in  chemical 
engineering  has  undoubtedly  to  bear  great  part  of  the  blame  for 
the  nant  of  auixsess  which  that  process  suffered  under  during  the 
first  stage  of  its  progress.  The  modem  shape  of  a  decomposer  is 
shown  in  figs.  135  and  136. 

TV.  13fl. 


A  lai^e  upright  cast-iron  cylinder  a,  from  12  to  15  feet  wide 
and  about  the  same  height,  is  surrounded  by  a  brick  jacket  b, 
flues  c  c  being  left  I  etweeu  this  and  the  cylinder,  in  which  the 
hot  fire-gases  coming  from  the  heating-stove  (p.  386)  are  made  to 
circulate.  Within  the  cvhnder  there  is  a  double  octagon  or 
dodecagon,  formed  of  iron  plates  d,  e,  arranged  like  Venetian 
blinds  and  enclosing  an  approximately  annular  space,  3  feet  wide, 
destined  for  receiving  the  catalytic  substance  (see  below).  This 
space  is  divided,  by  means  of  radial  solid  iron  walls,  into  six 
completely  separated  compartments,  each  of  them  provided  with  a 
chargiug-hole/and  a  discharging-hole^.  The  gas,  heated  up  in 
the  superheater,  enters  through  pipe  A  at  the  circumference  of 
the  decomposer,  and  leaves  by  the  pipe  i,  arranged  in  the  centre. 
In  order  to  travel  from  A  to  t  it  must  pass  through  the  Venetian 
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blinds  d  and  e  and  through  the  contact  substance  contaiDed 
between  these^  and  here  it  is  decomposed  according  to  the 
reaction  2  HCl  -f  O  s  H^O  +  Cl^,  although  not  completely.  From  i 
escapes  a  mixture  of  CI,  HCl,  steam^  H,  and  the  excess  of  O,  and 
this  passes  on  to  the  cooling-apparatus  (see  below). 

Each  of  the  six  compartments  contains  six  tons,  and  the  whole 
decomposer  36  tons  of  broken  bricks.  Every  fortnight  one  of  the 
compartments  is  emptied,  so  that  the  whole  of  the  contents  are 
exchanged  once  every  twelve  weeks. 

Brock,  Driffield,  and  Wright  (Engl.  pat.  11966,  11967,  and 
11968,  1894)  describe  several  modifications  of  the  ordinary  shape 
of  decomposers. 

The  temperature  within  the  decomposer  must  be  measured 
by  a  pyrometer.  For  such  temperatures  as  are  here  referred  to 
(450°  C),  several  very  suitable  pyrometers  have  recently  been 
constructed;  even  mercury  thermometers  filled  with  nitrogen  can 
be  used  here,  or  those  which  are  filled  with  an  alloy  of  potassium 
and  sodium.  Hurter  (Joum.  Soc.  Chem.  Ind.  1886,  p.  6i^) 
recommends  an  air-pyrometer  constructed  by  Heisch  and  Folkard ; 
he  recognizes,  however,  its  liability  to  breaking,  and  points  out 
that  exact  indications  can  be  obtained  only  by  the  calorimetric 
method  ('Alkali-makers'  Hand-book,'  2nd  ed.  p.  90),  which  is, 
however,  too  troublesome  for  daily  use*^. 

The  pyrometers  formerly  used  at  the  works  (including  Deacon's 
metal  pyrometer)  were  very  unreliable  and  not  constant  in  their 
indications.  This  partially  explains  the  discrepancies  in  the  state- 
ments formerly  made  on  the  temperature  within  the  decomposer, 
which  vanes  between  370^  and  450^.  The  second  figure  seems  to 
be  nearer  the  truth. 

The  regulation  of  the  temperature  of  the  decomposer  is  effected 
almost  entirely  (or  quite)  by  the  fire  of  the  superheater.  In  the 
large  mass  of  clay  contained  in  the  decomposer  variations  of 
temperature  can  only  occur  gradually,  so  that  the  apparatus  is  to 
a  great  extent  self-regulating.  This  can  be  promot^  by  suitable 
dampers. 

Rommert  (Oenn.  pat.  59556)  proposes  to  effect  a  better 
utilization  of  the  heat  of  reaction  in  the  decomposer  by  reversing 

*  We  can  now  obtain  thoroughly  reliable  pyrometers,  among  which  that 
of  Le  Chatelier,  as  supplied  by  Keiser  and  Schmidt  of  Berlin,  probably  holds 
the  tiist  rank. 
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the  direction  of  the  gaseons  current  as  soon  as  the  contact  mass 
has  reached  the  highest  temperature  at  the  end  of  the  apparatus. 
The  reaction  thus  goes  on  more  regularly^  and  there  is  a  saving  of 
fuel.  For  this  purpose  the  main  pipe  through  which  the  heated  gas 
enters  must  be  arranged  in  such  way  that  the  gases  can  pass  in 
either  at  the  top  or  at  the  bottom^  and  the  exits  must  be  arranged 
in  a  similar  manner. 

The  catalytic  or  contact-substance  formerly  consisted  of  balls  of 
porous  clay,  "  marbles/'  which  were  impregnated  with  a  copper 
salt.  Considering  the  large  quantity  of  this  material  and  the 
necessity  of  frequently  renewing  it,  its  cost  was  somewhat  heavy. 
A  patent  by  Deacon  (No.  1632,  1875)  proposed  replacing  it  by 
lumps  of  burnt  pyrites,  but  this  does  not  seem  to  have  answered. 
At  all  events  the  factories  have  long  since  gone  over  to  broken 
bricks  of  irregular  shape.  "Where  waste  brick-bats  are  not  to  be 
obtained  in  sufficient  quantity,  clay  is  burnt  in  lumps;  it  is  then 
coarsely  broken  up  by  a  Carr's  disintegrator  and  the  dust  sifted 
out ;  these  bits  of  clay  are  then  impregnated  with  the  copper  salt 
(''dipped^'). 

In  tie  beginning  the  dipping  was  performed  by  sulphate  of 
copper,  which  was  expected  to  be  converted  into  chloride  by  the 
HCl  and  the  chlorine;  but  this  did  not  prove  suitable.  In  1873 
(No.  505)  Deacon  patented  the  application  of  a  magnesium  copper 
sulphate;  in  1875  (No.  1909)  anadditionof  magnesium  sulphate; 
in  the  same  year  (No.  906)  the  application  of  cupric  chloride,  or 
of  a  mixture  of  NaCl  and  CUSO4,  in  which  case  the  decomposition 
is  stated  to  take  place  more  regularly,  at  a  lower  temperature  and 
with  less  volatilization  of  copper  than  with  CUSO4.  In  fact  at  the 
present  day  cupric  chloride  is  everywhere  employed  as  contact-* 
substance,  and  is  obtained  by  dissolving  copper  ashes  in  hydro- 
chloric acid;  this  admits  of  keeping  the  temperature  in  the 
decomposer  S(f  lower  than  with  cupric  sulphate  (comp.,  however, 
Gaskell  and  Carey's  patent  of  1893,  infra). 

In  order  to  prevent  the  loss  of  "catalytic  force''  by  the 
volatilization  of  the  copper  salt  or  its  soaking  into  the  interior  of 
the  marbles.  Deacon  further  proposed  to  cool  down  the  decomposer 
now  and  then  to  150^  C,  and  to  inject  steam,  which  dissolves  the 
copper  salt  and  divides  it  equally  over  the  marbles.  This  proposal 
lias  not  answered  its  purpose,  no  more  than  that  patented  by  him 
in  1876  (No.  1927),  to  absorb  the  HCl  escaping  undeoomposed 
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from  the  decomposer  by  ferric  oxide,  dipped  in  a  solution  of 
cupric  sulphate  and  piled  up  in  upright  cylinders ;  after  the 
absorption  has  taken  place^  air  heated  to  the  requisite  temperature, 
or  a  mixture  of  air  and  HCl,  is  passed  over  the  mass^  which  then 
acts  as  a  contactp-substance. 

Blattner  and  Kestner  (Chem.  Zeit.  1893,  p.  466)  found  that  a 
mixture  of  from  4r-7  vols,  air  to  1  vol.  HCl,  heated  to  520°  or  530°  C. 
and  passed  over  cinders  from  cupreous  pyrites^  containing  from  1  to 
2*7  per  cent.  Cu,  caused  a  decomposition  of  fi*om  50  to  60  per  cent, 
of  the  HCl.  Only  so  much  HCl  was  retained  by  the  contact 
substance  as  corresponds  to  the  copper,  which  was  therefore  mostly 
rendered  soluble  in  water.  On  the  small  scale  200  to  250  grams 
chlorine  were  obtained  from  1  kil.  cinders  in  24  hours  (in  the 
Deacon  process  on  the  large  scale  only  70  grams  CI  are  obtained 
per  1  kil.  mass).  This  process  cannot  be  carried  out  with  an 
ordinary  Deacon  plant,  as  the  cinders  are  too  irregular  in  shape 
and  too  heavy;  according  to  the  inventors'  own  view  it  is  mostly 
adapted  for  such  cases  where  the  copper  extraction  from  cinders  is 
the  principal  aim. 

The  quantity  of  the  copper  taken  up  by  the  burnt  clay  varies 
between  0*7  and  1*2  per  cent.^  calculated  as  metallic  Cu;  mostly 
it  is  in  the  fresh  state=075  per  cent. ;  the  spent  mass  contains  only 
02  to  0*3  per  cent.  Cu. 

Whatever  description  of  contact-substance  is  employed,  it  is 
certain  that  none  of  them  acts  continuously  or  even  for  a  very 
long  period;  the  misadventures  which  during  the  first  years 
occurred  with  the  Deacon  process  are  mostly  ascribable  to  an 
insufficient  recognition  of  this  point.  The  marbles  impreg- 
nated with  cupric  sulphate  refused  everywhere  to  act  continu- 
ously as  a  contact4ubstance.  After  a  comparatively  short  time 
the  decomposition  of  hydrochloric  acid,  t.  e.  the  production 
of  chlorine,  begins  to  decrease ;  and  this  goes  on  till  the  action 
ceases  altogether.  This  sometimes  happened  almost  directly; 
usually  it  took  some  time,  though  rarely  more  than  four  months 
from  the  time  of  commencement.  This  cessation  of  the  action 
of  the  marbles  was  attributed  to  various  causes,  such  as  the 
volatilisation  of  cupric  chloride,  the  incrustation  of  the  pores 
by  ferric  chloride,  sulphate,  soot,  flue-dust,  &c.  Be  this  as  it  may, 
nothing  remained  to  be  done,  except  stopping  the  work,  discharging 
the    decomposiug-pans,   and  redipping    the    marbles  in  cupric 
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sulphate.  This  cost  several  hundreds  of  pounds — that  is  hardly 
ever  less  than  £1  per  ton  of  bleach  made*  Moreover  these 
stoppages,  amounting  usually  to  8-14  weeks  per  annum,  were 
almost  unbearable,  owing  to  the  interruption  of  all  other  operations 
connected  with  this.  The  hydrochloric  acid  mostly  had  to  be  run 
away;  interest  and  royalty  were  running  on  all  the  time;  and 
much  inconvenience  was  caused  by  non-fulfilment  of  contracts. 
Worst  of  all,  the  decomposer,  after  redippiug,  never  worked  so 
well  as  at  first,  sometimes  not  at  all,  and  so  the  work  could  not 
be  carried  on. 

The  reason  why  the  contact-substance  in  the  Deacon  decom- 
poser gradually  ceases  to  act  has  been  principally  elucidated  by 
the  researches  of  Hasenclever.  He  found  (Deutsch.  chem.  6es. 
Ber.  ix.  p.  1070)  that  this  takes  place  without  any  considerable 
loss  of  copper  in  the  marbles.  At  the  Rheuania  works  the  decom- 
position of  the  HCl,  which  for  some  weeks  had  amount^  to 
60  per  cent.,  suddenly  fell  within  three  days  to  2  per  cent.  The 
marbles  now  contained  upon  1*2  per  cent,  copper  8  per  cent.  SO3, 
instead  of  1*5  as  required  by  the  formula  CUSO4.  It  would  thus 
seem  that  the  marbles  retain  the  sulphuric  acid  contained  in  the 
gases,  and  when  they  are  saturated  with  it  the  decomposition 
ceases — possibly  because  the  marbles  are  covered  with  a  layer  of 
sulphate,  or  because  the  SO^  in  contact  with  red-hot  sulphates 
splits  up  into  SOs  and  O,  which  with  CI  and  steam  produce 
again  H^O  and  HCl.  In  all  probability  the  varying  duration  of 
the  activity  of  the  decomposers  (from  1^  to  10  months)  in  the 
different  works  depends  on  the  percentage  of  sulphuric  acid  in  the 
decomposing  gases.  The  pan-gas  contains  only  1*5,  the  roaster- 
gas  7*5,  SOs  per  100  HCl.  In  fact  a  works  where  only  the  pan-gas 
was  employed,  and,  moreover,  partly  purified  from  sulphuric  acid 
in  a  stone  cistern,  went  on  for  10  months ;  another,  employing 
ordinary  pan-gas,  5  or  6  months ;  the  Rhenania  works,  where 
also  the  roaster-gas  was  employed,  only  1^  month.  Starting  from 
this  reasoning,  Hasenclever  (No.  4291,  1874)  took  out  provisional 
protection  for  purifying  the  decomposing-gases  from  sulphuric 
acid  by  lime,  alumina,  common  salt,  &c.,  before  admitting  them 
into  the  decomposer — and  again  (No.  2109,  1875)  for  washing 
out  the  sulphuric  acid  or  removing  it  by  partially  condensing  the 
gas.  The  latter,  however,  had  been  already  patented  by  Deacon 
himself  (No.  2003,  1875). 
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Jnrisch  also  furnished  a  contribution  to  this  question  (Dingler^s 
Journal,  ccxxi.  p.  856).  He  states  that  the  principal  reason  why 
the  majority  of  English  works  had  given  up  the  Deacon  process 
was  the  trouble  caused  by  the  redipping  of  the  marbles,  which 
become  the  less  active  the  of  tener  they  are  treated — also  in  the  quick 
wear  and  tear  of  the  whole  apparatus,  which  renders  the  process 
more  expensive  than  Weldon's.  Whether  working  quickly  or 
slowly,  the  general  [?;  comp.  Hasenclever]  production  for  120  tons 
of  marbles  with  about  1  per  cent,  copper  is  600  tons  of  bleaching- 
powder.  He  finds  inactive  marbles  to  contain  0*9'2  per  cent.. 
CuSO^,  5-86  PcjCle,  7530  Fe,(S04)s,  &c.  The  dust  accumulated 
between  them  contained  71*70  per  cent.  Fe,(S04)8, 13-64  FcjOa,  &c. 
The  hydrochloric  acid  coodensed  in  the  first  cooling-vessels  con- 
tained per  litre  829*3  grams  HCl  and  20*78  foreign  constituents, 
among  them  9*376  HjSO^,  0*868  CuCl,,  &c.  Only  from  15  to  25 
per  cent,  of  the  copper  is  lost  by  volatilization.  The  cause  of  the 
loss  of  activity  must  hence  be  sought  elsewhere ;  and  this  is  done 
by  Jurisch  in  the  incrustation  of  the  marbles  by  impurities,  partly 
from  the  sulphuric  acid  used  in  decomposing,  partly  from  the  marbles 
themselves.  Most  dangerous  are  the  sulphates  of  iron  and  alumi- 
nium ;  next  to  these,  ferric  chloride  and  arseniates.  The  sulphuric 
acid  ought  to  be  purified  from  arsenic,  and  the  formation  of  iron 
and  aluminium  sulphates  prevented,  as  these  constitute  80  per 
cent,  of  the  incrustations.  The  sulphuric  acid  found  comes  partly 
from  that  usually  added  in  dipping  the  marbles,  partly  from  that 
evaporated  in  the  decomposing-pans.  Roaster-gas  ought  never  to 
be  employed,  because  it  contains  too  much  sulphuric  acid  and  other 
impurities;  of  the  pan-gas  only  the  first  portion,  which  upon  100 
HCl  contains  from  0*251  to  1*079  SOs,  but  later  on,  when  the 
batch  in  the  pan  stifiens,  as  much  as  8*728  SO,.  It  is  conse- 
quently best  to  work  with  two  pans,  each  alternately  sending  its 
gas  into  the  apparatus  so  long  as  it  is  still  fresh  and  the  batch 
thin  (comp«  pp.  881  and  385).  In  order  to  increase  the  activity  of 
the  marbles  on  redipping,  they  are  to  be  broken  up  and  also  exposed 
to  the  atmosphere  in  heaps  for  several  months.  The  sulphuric 
acid  is  most  injurious  in  the  state  of  vapour,  less  so  when  it  is 
retained  by  bases  (Al^Os,  Fe^Os)  in  the  marbles ;  but  when  the 
bases  are  saturated  the  decomposition  ceases.  In  any  case  most 
of  the  sulphuric  acid  passes  through  undecom posed,  as  is  proved  by 
its  presence  in  the  hydrochloric  acid  condensed  behind  the  deoom- 
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poser.  Hence  it  is  a  vital  question  for  the  Deacon  process,  either 
to  remove  the  sulphuric  acid  out  of  the  gases,  or  to  employ  a  large 
quantity  of  base  as  carrier  of  the  active  substance,  e.  g,  ferric  oxide 
as  burnt  pyrites  [already  patented  by  Deacon,  in  1875,  p.  392]. 
Jurisch  mentions  that  English  manufacturers  had  endeavoured  to 
remove  the  sulphuric  acid  by  partial  condensation  of  the  gas,  but 
unsuccessfully,  as  too  much  HCl  was  condensed  as  well.  Direct 
laboratory  experiments  (cited  in  detail)  proved  that  the  decom- 
position suddenly  fell,  on  the  introduction  of  sulphuric-acid 
vapour,  from  39*72  to  13-72  per  cent.  Here  the  incrusting  action 
of  the  sulphates  could  not  yet  have  come  into  play ;  and  hence  the 
action  of  retarding  or  entirely  preventing  the  formation  of  CI  from 
HCl  must  belong  to  the  sulphuric  acid  in  the  state  of  vapour. 
This  conclusion  was  afterwards  entirely  withdrawn  by  Jurisch 
(ib.  ccxxii.  p.  366),  Hurler  having  proved  to  him  the  incorrectness 
of  his  experiments.  Hurter  states  that  sulphuric  acid  acts  far 
less  injuriously  than  is  believed,  but,  similarly  to  arsenic  and 
antimony,  it  acts  by  converting  the  copper  into  unchangeable 
compounds;  the  decomposition  goes  on j9an /7a«^u  with  the  vola- 
tilization of  cupric  chloride. 

Hasenclever,  in  opposition  to  Jurisch,  states  (ib.  p.  256)  that 
even  before  the  latter  he  had  recognized  the  injurious  action  of 
sulphuric  acid,  that  he  had  everywhere  found  the  hydrochloric  acid 
escaping  undecomposed  out  of  the  decomposer  free  from  sulphuric 
acid,  and  that  the  attempts  of  some  English  manufacturers 
(mentioned  by  Jurisch)  to  remove  the  sulphuric  acid  by  partial 
condensation  were  only  accidental  operations,  in  which  the  damage 
caused  by  that  acid  was  not  at  all  recognized. 

To  this  Jurisch  replied  (ib.  p.  567),  admitting  Hasenclever's 
claim  to  priority  as  to  the  injurious  action  oE  sulphuric  acid,  but 
contesting  the  fact  that  the  HCl  escaping  undecomposed  is  free 
from  SO4H9,  except  for  a  very  short  time  at  the  commencement 
of  a  period ;  he  also  cites  several  instances  of  English  manufacturers 
introducing  a  partial  condensation  of  their  hydrochloric  acid  and 
with  it  a  purification  from  sulphuric  acid.  Hensgen^s  researcli 
(cited  on  p.  40,  Vol.  II.)  should  also  be  compared  here. 

Lequin  (French  Exhib.  Report,  1891,  p.  83)  mentions  that  at 
Deacon's  works  they  had  for  some  time  past  interposed  a  *'  purifier '  ^ 
in  front  of  the  decomposer,  in  which  the  gases  pass  through  a 
horizontal  layer  of  bits  of  clay  soaked  with  copper  salt :  here  they 


THE  DEACON  PROCESS.  397 

give  up  their  sulphuric  acid,  and  the  decomposer  now  continues 
operating  much  longer  without  change,  while  the  mass  in  the 
"  purifier/'  where  about  one-fifth  of  the  chlorine  is  made,  must  of 
course  be  renewed  much  more  frequently. 

The  same  object  is  pursued  by  the  process  of  Kolb  (p.  383),  in 
which  the  SO^  and  SO3  are  retained  by  sodium  chloride. 

The  injurious  action  of  the  sulphuric  or  arsenious  acid  on  HCl 
is  to  be  checked,  according  to  Gaskell  and  Carey  (pat.  No.  25024, 
1893),  by  adding  to  the  contact  uia»s  such  substances  as  have  more 
affinity  for  those  impurities  than  copper,  viz.  calcium  or  magnesium 
chloride  (comp.  already  Deacon's  patents  of  1873  &  1875,  p.  392). 
In  this  case  the  clay,  before  being  burnt,  is  mixed  with  up  to 
7  per  cent,  of  a  basic  substance,  as  quicklime,  calcium  carbonate, 
magnesia,  or  limed  mud  from  the  caustic  soda  or  the  Chance 
process. 

The  most  thorough  remedy  against  the  damage  done  by  the 
sulphuric  acid  is,  of  couree,  its  removal  from  the  HCl  by  the  means 
quoted,  pp.  382  and  383.  But  even  then  the  arsenious  acid  remains 
to  be  dealt  with.  Apart  from  this,  there  is  in  every  case  a  gradual 
volatilization  of  copper,  and  therefore  nothing  remains  but  to 
abandon  an  indefinitely  prolonged  use  of  the  contact-substance, 
and  to  renew  the  clay  lumps,  impregnated  with  copper  salt,  at  regvlai 
intervals.  Deacon  (No.  332,  1875)  patented  for  this  purpori^e  a 
continuously  acting  discharging-apparatus,  which  has  found  no  * 
practical  application.  The  solution  of  this  problem  ultimately 
found  is  shown  by  the  above  described  shape  of  the  decomposer 
(p.  390),  whose  polygonal  space  is  divided  by  partitions  into  six 
compartments,  each  of  'which  is  provided  with  necks  at  top  and 
bottom.  Without  interrupting  the  work,  any  one  of  these  com- 
})artments  can  be  emptied  from  below  and  recharged  with  fresh 
material  from  the  top.  This  is  done  once  a  fortnight  with  one  of 
the  six  compartments,  so  that  the  whole  mass  is  renewed  every 
twelve  weeks  (p.  391).  The  compartments  are  always  entirely 
emptied ;  a  partial  emptying  and  refilling  has  not  been  found  to 
answer. 

According  to  prolonged  experience  the  regular  renewal  of  the 
contact-substance  involves,  per  ton  of  35  per  cent,  bleaching- 
pouder,  the  consumption  of  about  4  cwt.  of  burnt  clay,  and  of 
3  to  4  lbs.  copper  according  to  its  percentage  in  the  clay. 

Many  attempts  have  been  made,  but  unsuccessfully,  to  turn  the 
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waste  lumps  of  clay  to  use  again  by  redipping,  or  else  to  extract 
the  0'2  or  0*3  per  cent,  of  copper  contained  therein ;  they  are 
simply  thrown  away.  A  recent  patent^  however,  by  Wilde  and 
Williams  (No.  21412^  1893)^  states  that  they  can  be  used  over 
again  by  washing  with  hydrochloric  acid  of  5  per  cent,  and  drying ; 
the  copper  can  be  precipitated  from  the  solution  by  metallic  iron. 
[It  seems  very  unlikely  that  this  process  should  not  have  been 
tried  before.] 

Hargreaves^  Robinson,  and  Hargreaves  (Engl.  pat.  5673,  1886) 
try  to  promote  the  decomposition  by  mixing  the  HCl  gas  while 
hot  with  a  little  vapour  of  cupric  chloride.  Any  CuClj  carried 
away  as  vapour  from  the  decomposer  is  subsequently  condensed 
in  the  coke  tower,  and  is  always  recovered  when  employing 
the  condensed  acid  from  this  tower  for  the  manufacture  of 
chlorine  by  the  method  to  be  described  below  [?] .  The  strong 
chlorine  gas  thus  obtained  is  introduced  into  the  ordinary  Deacon 
chambers,  to  act  together  with  the  weak  chlorine.  Such  strong 
chlorine  is  to  be  obtained  by  passing  a  little  of  the  weak  chlorine 
into  milk  oE  lime  and  decomposing  the  solution  of  calcium  hypo- 
chlorate  thus  formed  by  the  weak  acid  coming  from  the  wash- 
tower.  [This  process  seems  to  be  rather  troublesome  and 
expensive.] 

Testing  the  gases  from  the  decomposer. — ^These  gases  consist  of 
undecomposed  UCl,  free  chlorine,  steam,  oxygen,  and  nitrogen. 
They  are  usually  only  tested  for  the  first  two  constituents,  which 
at  Deacon's  works  is  done  as  follows  : — Aspirate  5  litres  of  gas, 
issuing  from  the  decomposer,  placing  the  apparatus  as  closely  to  the 
outlet  as  possible,  and  absorb  the  HCl  and  CI  in  a  solution  of 
caustic  soda  of  15^  Tw.,  of  which  about  250  cub.  cent,  are  distri- 
buted into  two  or  three  absorbing-bottles.  The  time  of  absorption 
ought  to  agree  with  the  time  occupied  by  the  charge  in  the 
saltcake-pan.  Unite  the  contents  of  the  several  bottles  and  dilute 
to  500  cub.  cent. 

(1)  Take  100  cub.  cent,  of  this  solution,  and  add  it  gradually 
to  25  cub.  cent,  of  an  iron  solution  (prepared  and  standardized  as 
directed  on  page  277)  in  a  flask  provided  with  a  Bunsen  valve, 
and  heat  to  boiling.  Allow  to  cool,  dilut )  with  200  cub.  cent,  of 
water,  and  titrate  with  semi-normal  permanganate  solution.  Say 
it  required  y  cub.  cent.  Suppose  that  when  standardizing  the  iron 
solution  25  cub.  cent,  of  iron  solution  required  x  cub.  cent. 
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(2)  Take  10  cub.  cent,  of  the  solution  to  be  tested^  add  thereto 
some  solution  of  sulphurous  acid,  acidify. with  dilute  sulphuric 
acid.  K  it  doQ^  not  smell  of  sulphurous  acid,  add  a  little  more. 
Heat  to  boiling.  When  cool,  add,  if  necessary,  a  few  drops  of 
permanganate  to  oxidize  any  sulphurous  acid  in  excess.  Neutralize 
with  pure  carbonate  of  soda,  dilute  with  water,  and,  after  adding  a 
few  drops  potassium  chromate,  titrate  with  decinormal  silver  solu- 
tion.   Suppose  it  consumes  z  cub.  cent,  of  silver  solution.     Then 

50j7— y 

z 

is  the  percentage  of  hydrochloric  acid  decomposed,  and 

42-5+'^ 

equals  the  amount  of  air  present  for  every  volume  of  hydrochloric 
acid.  If  any  other  volume  /of  gas  instead  of  5  litres  be  employed, 
the  constant  42*5  changes  into 


/xl-55 


r=' 
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assuming  that  the  other  directions  are  strictly  followed,  and  that 
1  litre  of  hydrochloric  acid  weighs  1*55  grm.  at  50°  C.  and 
760  millim.  pressure. 

Younger  ( Journ.  Soc.  Chem.  Ind.  1889,  p.  88,  and  1890,  p.  159) 
objects  to  this  method  that  the  absorption  of  the  gases  on  principle 
involves  an  error.  He  therefore  proposes  to  aspirate  the  gaseous 
mixture  through  an  aqueous  solution  of  arsenious  acid,  to  which  a 
few  drops  of  indigo  solution  have  been  added  as  an  indicator.  The 
aspiration  of  gas  is  continued  till  the  indicator  is  just  discoloured^ 
and  the  water  run  out  of  the  aspirator  is  measured  (just  as  in  the 
testing  of  pyrites  burner-gas  for  SO2,  Vol.  I.  p.  324).  Thus  the 
quantity  of  chlorine  per  unit  volume  of  the  gas  is  easily  calculated ; 
that  of  HCl  is  found  by  titrating  the  same  liquid  with  silver  nitrate 
and  deducting  from  the  total  HCl  that  corresponding  to  free  chlorine, 
[Younger  does  not  mention  how  the  titration  is  to  be  performed 
when  following  his  process ;  we  shall  therefore  describe  this 
operation.  I(k  is  best  to  neutralize  with  pure  sodium  carbonate, 
a  small  excess  of  which  does  no  harm,  and  decinormal  silver 
solution  is  added,  with  stirring,  until  the  white  colour  of  AgCl 
shows  a  pink  shade.    In  this  case,  as  I  pointed  out  many  years 


400  THE  CHLORINE  INDUSTRY. 

ago,  the  arseniate  serves  as  indicator,  similar  to  Mohr's  potassiam 
chromate,  and  it  is  even  more  sensitive  than  this.] 

If  the  steam  contained  in  Deacon-gas  has  to, be  estimated  as 
well,  a  U-tube,  filled  with  pumice  soaked  with  strong  sulphuric 
acid,  or  else  a  bulb-apparatus  charged  with  such  acid,  is  interposed 
between  the  gas-pipe  and  the  apparatus  destined  for  absorbing  CI 
and  HCl ;  the  increase  of  weight  of  the  apparatus  containing  the 
sulphuric  acid  indicates  the  quantity  of  H2O.  This  estimation  is 
more  exact  if  before  the  weighing  dry  air  is  aspirated  for  some 
time  through  the  drying-apparatus,  in  order  to  expel  any  chlorine 
and  HCl  from  the  sulphuric  acid;  it  is  best  in  this  case  to  place 
a  second,  weighed,  sulphuric-acid  tube  behind  the  first. 

Carbon  dioxide  is  estimated  by  absorbing  the  gases  in  caustic 
soda  solution,  destroying  the  hypochlorite  by  boiling  with  ammonia, 
and  estimating  CO2  by  the  well-known  methods. 

Action  of  the  decomposer. — According  to  Hurter  (Dingl.  Joum. 
ccxxiii.  p.  71)  the  decomposition  can  be  made  almost  complete  in 
the  laboratory ;  but  on  the  large  scale  it  but  rarely  amounts  to  60 
per  cent,  of  the  UCl,  especially  when  the  apparatus  have  become 
leaky.  Except  in  quite  new  and  perfectly  tight  apparatus,  a 
total  decomposition  of  45  per  cent,  must  be  acquiesced  in,  if  the 
mixture  was  composed  of  equal  volumes  of  air  and  HCl  gas  with  a 
little  steam.  The  quantity  of  chlorine  produced,  if  the  other  con- 
ditions remain  the  same,  is  nearly  proportional  to  the  geometrical 
means  of  the  quantity  of  HCl  and  air  present.  If  the  HCl  con. 
tained  in  a  unit  volume  of  the  mixture  be  called  w,  and  the  air  y, 

the  quantity  of  chlorine  CI,  if  c  denotes  a  constant,  is  Cl^c^yx^. 

Since  with  incomplete  decomposition  or  with  a  very  large  excess 

CI 
of  air  the  tension  of  the  chlorine  gas  produced  becomes  about  — , 

we  have  —  =cA/  -.     Hence  the  tension  of  the  chlorine  gas  is 

subject  to  much  smaller  variations  than  that  of  the  hydrochloric, 
acid  gas  employed  for  its  generation.  Usually  there  is  1^  vol.  air 
present  to  1  vol.  HCl :  this  in  the  case  of  complete  decomposition 
vields  i  vol.  CI,  or  with  50  per  cent,  decomposition  (t.  e.  in  a  very 
good  apparatus)  ^  vol.  CI,  which,  mixed  with  the  remaining  N  and  O, 
yields  dilute  chlorine  with  about  1%  vol.  =  15  per  cent,  chloriue. 
[The  last  mentioned  strength  is  never  reached,  as  we  shall  see.] 
Kecently  a  better  decomposition  has  been  attained.  With  a  totally 
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new  charge  of  copper-soaked  bits  of  clay  it  is  possible  to  get  up  to 
a  decomposition  of  88  per  cent. ;  also  with  the  pure  HCl  obtained 
in  the  Hasenclever  process^  p.  382.  With  an  older  mass  only  25  per 
cent,  is  reached^  and  with  regular  renewals  of  the  mass  the  average 
decomposition  is  67  per  cent.,  that  is,  two-thirds  of  the  HCl  is 
transformed  into  free  chlorine. 

Kolb  (Bull.  Soc.  Chim.  1892,  [3]  vii.  p.  789)  represents  the 
conditions  of  the  process  as  follows : — Pan-gas  on  an  average 
contains  50  vols,  per  cent.  HCl,  25  HgO,  25  air  (comp.,  however. 
Vol.  II.  p.  315).  On  cooling  (p.  385)  the  water  is  condensed,  and 
takes  along  IQ  per  cent,  of  the  HCl,  so  that  90  per  cent,  of  the 
HCl  is  left.  This,  on  entering  the  decomposer,  has  been  diluted 
by  more  air  being  drawn  in,  so  that  we  have  there  1  vol.  HCl  to 
3  vols.  air.  The  gas  leaving  the  decomposer  is,  on  an  average, 
composed  of  8  volume  per  cent,  chlorine,  9  per  cent.  HCl,  8  per 
cent.  HjO,  75  per  cent.  air.  Since  each  vol.  Clg  corresponds  to 
two  vols.  HCl,  the  above  means  that  two-thirds  of  the  HCl  has 
been  transformed  into  CI  and  H2O;  this  can  be  attained  by  a 
regular  change  of  the  contact-substance,  involving  a  consumption 
of  1  kil.  CuClj  to  800  or  1000  kil.  bleaching-powder. 

By  the  condensation  (see  below)  the  HCl  vapour  aud  steam, 
together  17  vols.,  are  removed;  the  remaining  83  vols,  contain 
8  vols,  chlorine,  or  about  10  vol.  per  cent.  But  since  later  on 
more  air  is  drawn  in,  practically  the  gas  only  contains  5  to  7  vols, 
chlorine  to  93  to  95  vols.  air. 

Altogether  in  the  Deacon  process^  of  each  100  kils.  of  HCl 
escaping  from  the  saltcake-pan,  60  are  converted  into  60  free 
chlorine  and  40  recovered  as  hydrochloric  acid ;  or,  as  the  pan- 
acid  amounts  to  §  of  the  total  acid,  40  kils.  of  the  latter  are 
obtained  as  chlorine,  27  as  recondensed  acid  (partly  weak),  and 
33  as  roaster-acid. 

With  roaster-gas  by  itself  the  case  is  much  less  favourable. 
Kolb  assumes  it  to  contain  on  an  average  20  vols,  per  cent.  HCi, 
40  HsO,  and  40  air.  From  this  on  cooling,  40  per  cent,  of  the 
HCl  is  condensed  as  strong  acid,  with  2  to  5  per  cent,  sulphuric 
acid.  The  remaining  gas  is  diluted  with  more  air  and  arrives  in 
the  condenser  as  a  mixture  of  1  vol.  HCl  with  9  air,  that  is,  three 
times  more  dilute  than  pan-gas.  In  the  decomposer  it  yields  a 
mixture  of  3  vols.  CI,  3  HCl,  3  HgO,  91  air,  from  which  by 
cooling  acid  of  23^  to  28^  Tw.  is  condensed.     If  the  total  HCl  were 

VOL.  III.  2  D 
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to  be  treated  in  the  Deacon  apparatus^  according  to  the  above 
calculation  52  per  cent,  would  be  obtained  as  CI  and  48  per  ceut.^ 
less  losses^  as  recovered  HCl.  This  is  practically  impossible ;  less 
on  account  of  the  dilution  of  the  roaster-gas  (good  bleach  can  be 
made  with  2  or  3  per  cent,  gas)  than  on  account  of  the  sulphuric 
acid  contained  in  the  latter,  which  quickly  renders  the  contact- 
mass  inactive  by  stopping  up  the  pores  with  sulphates  of  lime, 
iron,  and  alumina.  Hence  the  roaster-gas  must  not  be  employed 
unless  it  is  purified  by  Kolb's  process  (p.  383),  or  the  acid  made 
from  it  is  treated  by  one  of  the  processes  mentioned,  pp.  382, 383. 

5.  Removal  of  the  unchanged  Hydrogen  Chloride  from  the  Gaseous 
Mixture. — Since  the  gases  on  leaving  the  decomposer  again 
contain  a  considerable  quantity  of  aqueous  vapour,  much  liquid 
hydrochloric  acid  must  be  condensed  by  merely  cooling  them. 
But  this  does  not  suffice  for  removing  the  HCl,  which  must 
be  done  by  washing  with  water.  (Deacon's  proposal,  p.  392,  to 
absorb  the  HCl  by  ferric  oxide  impregnated  with  cupric  sulphate, 
and  to  liberate  chlorine  from  it  by  heated  air,  has  not  answered 
in  practice.)    • 

Consequently  the  decomposer  has  to  be  followed  by  a  complete 
condensing  apparatus  for  hydrochloric  acid,  and  as  such  nearly  all 
the  apparatus  described  in  the  7th  chapter  of  Vol.  II.  are  employed 
at  diflferent  works.  In  order  to  produce  good  bleaching-powder, 
the  arrangement  must  at  all  events  act  perfectly  in  removing  the 
HCl  from  the  gases,  and  this  is  actually  achieved  in  every  working 
Deacon  plant.  But  the  results  differ  very  much  in  another  respect. 
Some  manufacturers  formerly  obtained  nothing  but  weak  acid  in 
this  way,  say  15°  to  18°  Tw. ;  others  a  little  strong  with  much 
weak  acid ;  but  others  again  made  nearly  the  whole  of  the  acid 
strong  enough  to  be  employed  in  the  Weldon  process,  or  even 
for  sale. 

It  should  not  be  lost  sight  of  that  a  washing-arrangement 
which  is  perfectly  sufficient  in  regular  work  (that  is,  with  an 
adequate  decomposition  of  HCl)  will  not  suffice  for  removing 
all  the  HCl  if,  in  consequence  of  bad  draught  or  of  any  mishap 
to  the  decomposer,  there  is  bad  decomposition,  and  therefore  an 
excess  of  unchanged  HCl. 

The  strength  of  the  acid  obtained  depends  entirely  upon  the 
apparatus  employed  for  condensation.  If  this  is  rationally  con- 
structed, with  good  preliminary  cooling  by  strings  of  earthenware 
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or  glass  pipes^  followed  by  a  series  of  cisterns  or  earthenware 
receivers,  and  ultimately  a  coke-tower,  or  better  still  a  plate- 
tower  (Vol.  II.  pp.  382,  916),  with  a  complete  arrangement  of 
opposite  currents  for  the  water  and  the  gas,  most,  if  not  all,  the 
HCl  will  be  recovered  as  strong  acid. 

The  German  works,  especially  the  Bhenania  at  Aachen,  have 
been  much  more  successful  in  bringing  up  the  acid,  condensed 
from  the  undecomposed  HCl,  to  full  strength  than,  at  least 
formerly,  the  English  works,  which  generally  obtained  too  much 
dilute  acid.  This  probably  led  to  the  patent  of  Deacon  and  Hurter, 
No.  2311,  1888,  according  to  which  the  gases,  instead  of  washing 
them  with  water,  are  made  to  ascend  in  a  tower  filled  with  pebbles, 
through  which  Weldon  mud  descends  in  such  quantity  that  at  the 
bottom  a  little  undecomposed  black  mud  remains,  which  is  then 
worked  up  in  an  ordinary  Weldon  still. — ^This  process  seems  to  offer 
evident  advantages  at  works  which  possess  both  a  Weldon  and 
a  Deacon  plant  (for  others  it  is,  of  course,  out  of  the  question), 
as  it  would  do  away  with  the  cumbrous  condensing-apparatus ; 
the  HCl  would  be  completely  utilized,  and  the  weak  Deacon  gas 
would  be  strengthened  by  Weldon  chlorine.  But  it  is  doubtful 
whether  such  a  pebble-tower  can  be  fed  with  Weldon  mud 
without  being  obstructed.  There  is,  at  all  events,  no  technical 
impossibility  in  realizing  the  above  principle,  even  if  a  pebble- 
tower  should  not  be  found  to  answer  the  purpose.  I  am  not 
aware  whether  this  process  is  really  at  work,  but  I  do  not 
believe  it  is. 

6.  Drying  the  Chlorine  Gas. — ^The  gases  freed  from  hydrochloric 
acid,  if  intended  for  the  manufacture  of  bleaching-powder,  must 
now  be  dried;  but  if  they  are  passed  into  milk  of  lime,  to  make 
bleach-liquor  or  chlorate  of  potash,  no  drying  is  necessary. 
Formerly  for  this  purpose  a  tower  filled  with  calcium  chloride 
was  employed.  This  caused  great  trouble,  and  the  drying 
was  very  incomplete.  It  is  now  done  by  a  leaden  tower  packed 
with  coke,  in  which  strong  sulphuric  acid  trickles  down.  Every 
trace  of  water  in  the  dilute  chlorine  of  Deacon's  process  is  inju- 
rious and  should  be  removed  (Hurter,  Dingl.  Joum.  ccxxiii. 
p.  429),  chiefly  because  it  forms  a  layer  impermeable  to  the  gases 
in  the  lime-chambers ;  it  also  assists  in  the  formation  of  calcium 
chlorate. 

Formerly  the  sulphuric  acid  was  employed  at  a  strength  of 

2d2 


404  THE  CHLORINE  INDUSTRY. 

142°  Tw.,  and  it  was  allowed  to  go  down  to  120°  before  being 
removed  for  concentration ;  but  it  has  been  found  better  to  use 
acid  of  150°  Tw. 

The  dilute  sulphuric  acid  formed  in  the  drying-tower  must,  of 
course,  be  always  re- concentrated.  This  is  generally  effected  by 
means  of  a  Glover  tower,  which  is  easily  done,  since  Deacon 
chlorine  is  always  made  at  works  where  sulphuric  acid  is  also 
manufactured. 

The  consumption  of  strong  (150°)  sulphuric  acid  for  a  Deacon 
unit  is  about  five  or  six  tons  per  24  hours  in  summer,  and  rather 
less  in  winter.  Too  great  economy  in  that  respect  would  injure 
the  quality  of  the  bleaching- powder. 

By  thorough  drying  Worsley,  Windus,  and  Bracey  (Eng.  pat. 
10151,  1893)  prepare  Deacon  chlorine  even  for  condensation  to 
the  liquid  state  by  strong  compression,  for  which  purpose  they 
describe  a  special  apparatus. 

7.  Absorption  of  the  Chlorine  by  Lime. — The  chlorine  gas, 
purified  from  hydrochloric  acid  and  water,  is  always,  so  much 
diluted  by  nitrogen  and  an  excess  of  oxygen  that  its  absorption 
in  ordinary  bleaching-powder  chambers  is  not  at  all  feasible.  It 
mostly  contains  5  to  7  per  cent.  CI  and  93  to  95  per  cent.  air. 
Indeed  the  bulkiness  of  the  volume  of  the  gases  to  be  dealt  with 
here  presents  a  great  difficulty ;  it  amounts  to  about  20,000  cubic 
feet  per  ton  of  saltcake.  Such  a  quantity  of  gas  can  only  be 
dealt  with  by  continuous  absorption  by  being  drawn  away  as  it 
is  formed  and  completely  deprived  of  chlorine  in  its  passage 
through  the  absorbing-apparatus.  In  order  to  do  this.  Deacon 
employs  the  hydrated  lime  in  a  very  thin  layer  (not  above  f  inch), 
in  a  series  of  large  chambers  made  of  slate  or  sandstone  flags,  con- 
taining each  a  number  of  horizontal  shelves  at  distances  of  6  inches 
from  each  other.  Figs.  137  and  138  show  a  front  elevation  and 
two  sectional  elevations  of  the  chambers.  In  these  the  gas  must 
pass  over  a  very  large  surface  of  lime.  By  convenient  cast-iron 
distributing-pipes  each  chamber  can  be  made  the  first  or  the  last 
with  respect  to  the  current  of  gas.  The  gas  coming  from  the 
drying-apparatus,  comparatively  rich  in  chlorine,  is  passed  through 
the  oldest  chamber,  in  which  the  lime  is  nearly  saturated ;  at  the 
end  of  the  set  the  nearly  exhausted  gas 'meets  with  fresh  calcium 
hydrate  and  gives  off  its  chlorine  to  this  so  completely  that  often 
the  gas  issuing  from  the  Roots'  blower  cannot  be  smelt  at  all. 
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The  first  chamber^  ii^hen  it  has  been  completely  saturated^  is  cat 
off,  emptied^  charged  -with  fresh  lime^  and  made  the  last  chamber, 
the  fresh  gas  being  moved  forward  to  the  next  chamber.  In  this 
way  Deacon  has  certainly  overcome  the  difficulty  of  managing 
such  a  large  bulk  of  gas ;  but  .the  first  cost  of  his  chambers  is 
enormously  high,  as  they  must  be  built  of  expensive  material  and 
rest  on  a  most  substantial  foundation;  any  settling  instantly  pro- 
duces a  leakage  of  air  inwards  through  the  joints.  Another  plan 
proposed  by  Deacon  (pat.  No.  691,  1871),  but  not  successfully 
carried  out,  was,  to  have  a  tower  with  slanting  slate  shelves  inclineck 
alternately  in  different  directions,  the  bleaching-powder  gradually 
sliding  down  upon  these  by  the  assistance  of  a  shaft  and  blades, 
fresh  lime  being  put  in  continuously  at  the  top,  and  finished  bleach 
drawn  out  at  the  bottom.  The  principle  of  this  apparatus  is 
exactly  the  same  as  that  of  Leather,  patented  for  ordinary  bleach 
(see  below). 

Hurter  has  published  an  extensive  investigation  (Dingler's 
Journal,  ccxxiii.  p.  417 ;  ccxxiv.  p.  424)  of  the  progress  of  the 
absorption  of  the  chlorine  by  calcium  hydrate,  the  disturbing 
effects  of  the  foreign  gases  mixed  with  the  chlorine,  and  the  influ- 
ence of  the  heat  given  off  during  absorption.  Its  results  are  as 
follows: — The  depth  of  the  layer  of  lime  has  no  influence  upon 
the  absorption,  but  the  chlorine  simply  penetrates  down  to  the 
same  depth  in  equal  times.  The  lime,  being  a  very  fine  porous 
powder,  of  specific  gravity  0*5  (including  the  air),  can  be  but 
slowly  penetrated  by  chlorine,  because  the  occluded  air  cannot 
escape  instantaneously.  Thus  a  slow  current  is  formed,  all  the 
slower  the  more  deeply  the  gas  has  to  penetrate.  The  absorbing- 
capacity  of  the  whole  absorbent  layer  when  its  surface  is  already 
covered  with  finished  bleach  is  only  half  as  much  as  that  of  fresh 
lime.  In  the  beginning  of  the  absorption,  but  only  for  a  very 
short  period,  instantaneous  absorption  will  go  on  very  quickly ; 
then  the  absorbing  capacity  falls  to  about  one  half  and  remains 
constant  till  the  chlorine  meets  with  the  last  layer  of  lime ;  from 
this  point  the  absorbing  capacity  gradually  decreases ;  and  at  last, 
when  all  the  lime  has  been  saturated  with  chlorine  as  far  as 
possible,  it  is  zero.  The  middle  period  lasts  longest,  and  is  prac- 
tically the  most  important.  On  the  strength  of  the  above  theory 
and  of  experiments  on  a  small  scale,  formulae  have  been  calcu- 
lated for  the  quantity  of  chlorine  absorbed  by  a  unit  of  space  for 
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any  given  time;  and  practical  experience  on  a  large  scale  has 
justified  the  correctness  of  those  formulae.  The  depth  of  lime 
allowable  was  calculated  according  to  them  by  Hurter  at  1*61 
centim. ;  this  must  be  considered  the  maximum  for  practical  work^ 
for  which  f  inch  (  =  1'5  cm.)  had  previously  been  stated.  The 
dimensions  of  the  chambers  could  also  be  calculated  in  this  way. 
In  order  to  finish  23  tons  of  bleaching-powder  per  week,  con- 
sidering that  the  lime  takes  96  hours  to  be  converted  into  bleach^ 
at  least  four  chambers  must  be  provided  for  working,  and  one  for 
emptying  and  recharging,  if  one  chamber  is  to  be  finished  daily. 
Consequently  each  set  must  consist  of  at  least  five  chambers,  each 
of  which  must  hold  as  much  lime  as  corresponds  to  4^  tons  of 
bleach.  As  this  would  be  an  enormous  area,  the  chambers  have 
been  made  to  come  on  turn  every  16  hours.  In  order  to  save 
connecting-pipes^  the  gas  is  conveyed  in  one  chamber  from  the 
upper  to  the  lower  shelves,  in  the  next  from  the  bottom  to  the 

top ;  each  two  such  compartments  form  a  pair  of  chambers  to  be 

96 
laid  off  at  a  time.     Of  such  pairs  t7;=6  are  required  for  working, 

and  one  more  for  charging.     Indeed  Deacon's  chamber-set  consists 

of  seven  pairs  with  16  shelves  each,  on  the  whole  7 x2x  16=224 

shelves.     The  16  shelves  of  each  chamber  have  an  area  of  1250 

square  feet,  upon  which  18^  cwt.  of  calcium  hydrate  can  be  laid 

144 
I  inch  deep.     Since  in  a  week  of  6  days  -77r=9  pairs  of  chambers 

are  drawn,  this  means  2x9x18^  cwt.  =  16  tons  13  cwt.  slaked 
lime,  which  furnish  25  tons  of  bleach.  With  good  works  and  higher 
tension  of  gas  [which  but  very  rarely  exists  in  practice]  Hurter^s 
theory  and  practice  yield  much  more  (as  much  as  33  tons  of  bleach 
per  week  from  a  Deacon's  chamber-set),  but  with  a  lower  tension 
of  gas  considerably  less.  [The  average  area  of  Deacon  chambers, 
according  to  the  19th  Alkali  Inspector's  Report,  p.  29,  is  certainly 
much  in  excess  of  that  stated  by  Hurter,  viz.  1373  superficial  feet 
per  ton  of  bleach  per  week.] 

Since  the  slate  or  sandstone  chambers  do  not  conduct  the  heat 
liberated  in  the  formation  of  bleaching-powder  (according  to 
Uurter  195  units  of  heat  to  each  unit  of  weight  of  bleach)  so 
quickly  as  the  lead  or  iron  chambars  of  the  ordinary  process,  and 
since  in  them  the  process  of  absorption  is  even  greatly  intensified 
by  the  large  number  of  shelves,  which  do  not  radiate  any  heat 
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outwards^  it  would  not  be  possible  to  employ  strong  chlorine  gas  in 
Deacon's  chambers^  as  the  temperature  in  them  would  otherwise 
rise  to  7QP  or  80^  C.  Hence  the  chlorine  must  always  be  to  some 
extent  diluted  with  inert  gases,  which  in  practice  is  always  suffi- 
ciently the  case. 

That  it  is  more  advantageous  to  convey  the  gas  in  the  absorbing- 
apparatus  in  a  downward  than  in  an  upward  direction  Hurter  had 
already  shown,  in  a  paper  treating  of  the  Hargreaves  process 
(Dingl.  Journ.  ccxxiii,  p.  200). 

Schappi  (Fischer's  Jahresb.  1882,  p.  379)  states  that  in  England 
the  lime  is  slaked  to  the  point  where  it  is  just  possible  to  pass  it 
through  a  sieve,  and  that  it  then  contains  from  24'5  to  27  per 
cent.  H2O.  But  at  well-conducted  works  such  wide  limits  of  the 
percentage  of  water  ought  not  to  be  permitted  ! 

The  proper  temperature  of  the  gas  is  to  be  produced,  according 
to  Hurter's  patent  No.  7393,  1892,  by  employing  during  the  hot 
season  previously  cooled  sulphuric  acid  in  the  drying-tower,  and 
in  case  of  need  surrounding  the  gas-pipe  leading,  to  the  chambers 
by  artificially  cooled  briue.  If,  on  the  other  hand,  the  gas  is  too 
cold,  it  is  to  be  heated  in  the  drying-tower  by  tepid  sulphuric  acid 
and  by  a  hot-water  jacket  round  the  gas-pipes. 

Muspratt,  Carey,  and  Driffield  (Engl.  pat.  No.  1214, 1893)  carry 
off  the  heat  produced  in  the  absorbing-chambers  by  conducting  the 
gas  from  one  compartment  to  the  other  through  connecting-pipes 
cooled  with  water,  or,  if  sufficiently  long,  by  air.  Another  patent, 
by  Gaskell,  Driffield,  Carey,  and  Wright  (No.  25023, 1893),  further 
employs  coke-towers  fed  with  sulphuric  acid,  in  which  the  gas  is 
first  dried  as  it  comes  from  any  one  of  the  compartments ;  it 
then  passes  through  the  just-mentioned  coolers,  and  subsequently 
into  the  next  compartment. 

Hargreaves,  Robinson,  and  Hargreaves  (pat.  No.  5673,  1886) 
convey  the  weak  Deacon  chlorine  only  on  to  the  upper  shelves  of 
the  absorbing-apparatus,  while  the  lower  shelves  receive  strong 
chlorine,  generated  as  described  on  p.  398.  The  weak  bleaching- 
powder  obtained  on  the  top  is  turned  over  on  the  lower  shelves 
and  is  brought  up  to  proper  strength  by  the  strong  chlorine, 
whereupon  it  is  transferred  by  agitating  apparatus  into  an  air-tight 
box,  from  which  it  is  removed  by  mechanical  means  into  casks 
and  automatically  pressed  down. 

Instead  of  the  very  large  and  expensive  Deacon-chambers, 
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recently  mechanical  chlorine-absorbers  are  said  to  have  been 
employed,  which  we  shall  describe  in  the  chapter  treating  of 
bleaching-powder. 

8.  The  draught  in  the  whole  Deacon  apparatus  is  produced  by 
aspirating-apparattis  of  suitable  kind.  In  England  they  employ 
in  this  case  the  well-known  Roots'  blower  (described  Vol.  II. 
p.  264).  Elsewhere,  possibly  now  also  in  England,  Korting's 
injectors  are  employed. 

Formerly  the  work  was  performed  under  greater  minus-pressure 
than  at  a  later  period.  After  it  had  been  recognized  that  damage 
was  done  by  the  entrance  of  fuel-gases  containing  carbonic  acid 
through  the  joints  of  the  superheater  and  of  the  decomposer  (see 
below),  the  suction  at  the  end  of  the  apparatus  was  diminished  as 
much  as  possible.  Schappi  (Fischer's  Jahresb.  1882,  p.  379)  states 
that  the  inward  draught,  which  had  been  previously  equal  to  a 
column  of  water  of  20  to  40  centimetres,  had  been  subsequently 
diminished  to  2  centimetres.  But  this  statement  is  not  of  much 
value,  as  the  inward  draught  must  be  very  different  at  different 
places  of  the  long  series  of  apparatus  from  the  saltcake-pans 
to  the  bleach-chamt)ers,  and  variations  like  those  noticed  by 
Schappi  produce  quite  an  erroneous  impression  if  the  readings 
are  not  always  made  at  the  same  place.  At  all  events  he  is 
wrong  in  stating  that  in  the  case  of  leaks  the  chlorine  gas  would 
more  readily  go  into  the  chimney  than  fuel-gases  would  enter  into 
the  decomposer,  for,  as  we  have  seen,  p.  401,  there  is  everywhere 
an  inward  draught,  and  the  entrance  of  fuel-gas  can  be  prevented 
only  by  an  air-tight  construction  of  the  parts  exposed  to  the  fire. 

A  great  drawback  of  the  Deacon  process  was  for  a  long  time 
found  in  the  circumstance  that  the  bleaching-powder  frequently 
came  out  too  weak.  Some  manufacturers  never  got  beyond  this 
stage ;  and  the  majority,  who  at  first  obtained  very  good  bleach, 
found  that  it  gradually  became  weaker  and  weaker.  Sometimes  the 
redipping  of  the  marbles  remedied  the  mischief ;  but  often  it  did 
not.  The  chief  cause  of  the  production  of  weak  bleach  was  found 
to  be  the  difficulty  of  keeping  the  apparatus  completely  tight. 
Just  that  peculiarity  of  the  process  which  in  some  respects  is  one 
of  its  greatest  advantages  acts  injuriously  here,  viz.,  the  fact  that 
in  the  apparatus  there  is  a  lower  pressure  than  outside,  so  that  no 
nuisance  can  be  caused  by  chlorine  escaping ;  for  this  facilitates 
the  entrance  of  air  through  any  leakages  in  the  numberless  joints 
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of  iron  and  stoneware  or  glass  pipes,  the  many-shelved  absorbing- 
chambers,  &c.  Most  damage  is  done  by  the  entrance  of  fire-gases 
containing  carbonic  acid  into  the  heating-apparatus  and  the 
decomposer,  as  that  gas  is  greedily  absorbed  by  the  lime  in  the 
chambers.  The  influence  of  the  foreign  gases,  especially  COs»  was 
minutely  investigated  by  Hurter  in  the  above-cited  paper  (p.  406). 
In  the  manufacture  of  bleach  from  native  manganese  ore  or  by 
the  Weldon  process,  COj  very  rarely  occurs  in  such  quantity  as  to 
prevent  the  manufacture  of  bleach  containing  40  CI  per  cent.  £ut 
in  the  Deacon  process  it  is  different :  for  a  ton  of  bleach  70,000 
cubic  feet  of  air  are  needed — that  is,  only  about  one  third  of  the 
quantity  required  in  the  Weldon  process ;  but  its  COg  is  greatly 
increased  on  its  long  path  through  the  superheater  and  decomposer, 
which  are  surrounded  by  fire-gases.  The  former  is  easily  kept 
tight,  but  the  latter  only  with  very  great  care.  In  the  shape 
employed  at  first,  where  the  decomposer  consisted  of  a  square 
cast-iron  box,  the  joints  of  the  plates  must  open  on  cooling. 
Even  if  at  starting  a  working-period  all  the  joints  have  been  made 
perfectly  tight,  they  cannot  fail  to  be  opened  by  any  variations  of 
temperature  during  the  work ;  for  in  heating  up,  the  volume  of 
the  apparatus  increases ;  the  marbles  slide  down,  and  offer  an 
insurmountable  obstacle  to  the  closing-up  of  the  metal  plates 
when  they  contract  on  cooling.  With  very  great  care  an  apparatus 
can  be  kept  sufficiently  tight  for  a  whole  year.  It  is  never 
absolutely  tight;  but  this  does  no  harm,  so  long  as  the  total 
surface  of  all  the  leaks  together  does  not  amount  to  more  than  1'5 
square  centimetre.  The  situation  of  a  leak  can  rarely  be  discovered 
during  work ;  and  still  more  rarely  can  it  be  put  right  without 
stopping  the  apparatus.  Thus,  for  instance,  it  was  found  that 
10,000  vols,  of  the  gas  on  entering  the  heating-oven  contained 
5  vols.  CO2,  on  entering  the  decomposer  19  vols.,  on  leaving  the 
same  38*5  vols.,  and  the  bleach  could  not  be  made  above  32  per  cent. 
This  source  of  carbonic  acid,  if  it  once  exists,  is  the  only  one  which 
is  not  under  control.  Hurter  convinced  himself,  by  direct  experi- 
ments, that  from  a  mixture  of  carbon  dioxide  and  chlorine  calcium 
hydrate  absorbs  the  former  by  preference,  because  CO3  decomposes 
bleaching-powder ;  and  when  the  top  layer  of  lime  has  long 
ceased  to  absorb  chlorine,  it  still  absorbs  CO^.  Hence  in  Deacon's 
chamber  weaker  bleach  is  always  formed  at  the  place  where  the 
gases  enter,  and  accordingly  throughout  the  first  chamber. 
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Various  changes  in  the  shape  of  the  decomposer  have  been  tried 
for  the  purpose  of  remedying  this  defect;  and  by  making  the 
decomposer  cylindrical  the  occurrence  of  weak  bleach  has  been 
altogether  avoided. 

Another  source  of  weak  bleach  has  been  pointed  out,  viz.  the 
arsenic  in  the  sulphuric  acid,  both  in  that  employed  for  decom- 
posing the  salt  and  in  that  employed  for  drying  the  chlorine. 
That  arsenic  exercises  a  disturbing  influence  on  the  activity  of  the 
copper-salt  had  been  maintained  previously  (comp.  p.  397) ;  it 
was  recognized  later  on  that  the  arsenious  acid,  or  the  AsCls,  after 
the  chlorine  has  been  evolved,  is  oxidized  very  gradually,  with 
formation  of  hydrochloric  acid,  according  to  the  equation 

AsA  -h  2H2O  +  4C1 = AsA  +  4HC1. 

Perhaps  not  AsClj,  but  a  solution  of  AsjO^  in  HCl  is  formed. 
This  would  appear  to  be  very  probable  from  a  fact  observed  by 
Dr.  Hewitt  and  Mr.  Davis  at  the  Radcliffe  chemical  works.  There 
the  HCl  is  washed  out  of  the  mixed  gases  by  means  of  a  coke- 
tower  for  strong  acid  and  a  post-condenser;  the  washings  running 
off  from  the  latter  mark  nothing  on  the  hydrometer  and  taste 
hardly  acid.  In  spite  of  this,  in  the  string  of  pipes  leading  from 
the  post-condenser  to  the  drying-tower  a  solution  of  arsenic  acid 
of  spec.  grav.  1-070,  and  in  the  pipes  leading  away  from  the 
drying-tower  a  solution  of  As,0^  in  HCl  of  the  consistency 
of  treacle  are  condensed.  It  is  asserted  that  the  arsenic  can 
be  traced  even  to  the  bleaching-powder  chambers ;  and  to  this 
gradual  formation  of  HCl  is  ascribed  the  largest  share  in  the  pro- 
duction of  weak  bleach.  Endeavours  have  been  made  to  remedy 
this  mischief  by  purifying  the  sulphuric  acid  from  arsenic  by 
heating  it  with  common  salt :  the  AsCls  volatilizes  almost  com- 
pletely ;  and  the  HCl  coming  afterwards  is  nearly  free  from  it. 
But  this  process  would  have  to  be  applied  not  merely  to  the  sul. 
phuric  acid  of  the  diying-tower,  but  also  to  that  employed  in  the 
saltcake-pans ;  and  in  that  case  it  is  just  the  strongest  acid 
gas  which  could  not  be  employed  for  the  Deacon  process.  It 
is  therefore  very  doubtful  whether  this  process  is  economically 
feasible;  and  for  the  same  reason  the  employment  of  sulphuric 
acid  purified  by  sulphuretted  hydrogen  kc,,  or  made  from  Sicilian 
brimstone,  is  probably  out  of  the  question.  After  all,  it  would 
remain  to  be  seen  whether  by  employing  sulphuric  acid  free  from 
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arsenic  strong  bleach  would  be  regularly  obtained.  A^ccording 
to  reports  received  in  1879,  the  expected  success  had  not  been 
obtained  ;  but  at  the  present  day  not  so  much  stress  is  laid  upon 
the  alleged  injurious  action  of  the  arsenic  (p.  396). 

According  to  Schappi  (Fischer's  Jahresb.  1882,  p.  379),  if  the 
decomposition  reaches  50  per  cent.,  the  bleaching-powder  is  always 
strong  and  tests  from  34  to  37*5  per  cent,  in  the  casks;  the 
average  of  the  hottest  months  is  35  to  35*5,  in  winter  36  per  cent. 
Since  stronger  sulphuric  acid  has  been  employed  for  drying 
(150°  Tw. ;  comp.  p.  408),  the  bleach  is  always  strong;  but  the 
draught  must  also  be  good,  so  that  there  is  at  least  4  vols,  air  to 
1  vol.  HCl,  since  otherwise  the  decomposition  is  bad,  the  washing 
apparatus  is  no  longer  sufficient  for  the  work  imposed  upon  it, 
and  HCl. gets  into  the  bleaching-powder.  Too  much  draught 
does  much  less  harm  than  too  little  in  this  respect.  Schappi 
states  that  it  has  been  attempted  to  make  Deacon  chlorine 
stronger  by  mixing  Weldon  chlorine  with  it,  but  this  did  not 
succeed;  the  bleaching-powder  went  into  a  paste;  it  contained 
much  chlorate,  and  sometimes  flowed  out  of  the  chamber  doors. 
[This  mishap  has  decidedly  only  occurred  under  very  exceptional 
circumstances,  and  no  fear  of  it  need  be  entertained  when  using 
proper  precautions !] 

If  Deacon  chlorine  is  to  be  employed  for  manufacturing 
bleaching-liquor  (liquid  chloride  of  lime),  any  not  excessive  admix- 
ture of  CO2  does  little  damage,  and  this  is  still  less  the  case  when 
employing  it  for  the  manufacture  of  chlorate  of  potash  or  soda, 
when  chlorate  of  lime  is  first  produced.  This  was  indeed  one  of 
the  first  cases  in  which  the  Deacon  process  obtained  a  permanent 
hold. 

It  should  not  be  overlooked  that  Deacon  chlorine  is  never  free 
from  traces  of  copper.  This  is  probably  quite  harmless  in  the 
manufacture  of  bleaching-powder  and  chlorates,  but  it  might 
interfere  with  its  direct  use  in  some  other  chemical  processes. 

Besults  of  work. — ^I  must  confess  that  the  above  given  descrip* 
tion  of  the  Deacon  process  and  of  the  plant  employed  will  not 
satisfy  all  expectations.  The  apparatus,  as  first  constructed,  acted 
very  imperfectly  and  the  success  of  the  process  was  correspond- 
ingly small.  At  first,  on  account  of  its  undeniable  superiority, 
it  was  very  quickly  introduced,  at  Jeast  in  England.      But  the 
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great  drawbacks  existing  during  its  early  stage  soon  led  to  a 
retrograde  movement.  Of  twelve  plants  erected  in  England 
since  1871,  only  four  were  at  work  in  1878  and  three  in  1879. 
But  in  these,  as  well  as  in  the  two  works  erected  in  Germany 
(Rhenania  and  Kunheim's),  continual  efforts  were  made  at  im- 
proving the  process,  undoubtedly  to  a  great  extent  by  modifications 
of  details  which  could  not  very  well  be  patented  and  which  on 
that  account  were  kept  strictly  secret.  Later  on  one  or  two 
plants  were  erected  in  France.  Since  the  original  patent  had 
lapsed,  Deacou^s  firm  had  no  more  interest  in  introducing  the 
process,  which  further  contributed  to  the  secrecy  in  which  all 
improvements  were  kept.  Probably  the  various  factories  now 
employ  apparatus  similar  iu  principal  to  those  above  described, 
but  differing  in  details  from  them  and  among  each  other.  There 
is  no  question  that  for  a  number  of  years  the  Deacon  process  has 
been  in  regular^  successful  work  at  a  good  many  places,  and  that 
it  furnishes  chlorine  much  more  cheaply  than  the  Weldon  process, 
although  in  a  dilute  state.  Whereas  the  Weldon  process  requires 
for  20  cwt.  bleach  at  best  45  cwt.  of  salt  (p.  365),  that  quantity 
of  bleach  by  the  Deacon  process  is  obtained  from  32  to  40  cwt.  of 
salt,  if  only  the  pan-gas  is  used,  together  with  10  per  cent,  of  the 
pan-acid  and  all  the  roaster-acid,  which  can  be  used  for  the 
Weldon  process,  or  worked  up  by  the  Hasenclever  process  &c.,  or 
else  sold.  By  combining  the  Deacon  and  Hasenclever  processes, 
a  ton  of  bleach  can  be  made  from  15  cwt.  of  salt  (Alkali  Inspectors' 
Report  for  1892,  p.  66). 

In  spite  of  the  great  and  indubitable  advantages  of  the  Deacon 
process,  it  is  a  fact  that  even  in  1895  by  far  the  greatest  part 
of  the  bleaching-powder  made  in  England  was  produced  by 
the  Weldon  process.  Perhaps  this  is  explained  by  the  fact  that 
enough  acid  was  yielded  by  the  Leblanc  works  to  produce  all  the 
bleaching-powder  required  by  the  Weldon  process,  and  that, 
therefore,  manufacturers  shrank  from  investing  a  large  amount 
of  capital  in  Deacon  plant;  but  I  cannot  myself  accept  this 
explanation  as  sufficient. 

The  wages  for  the  Deacon  process — slaking  the  lime,  charging 
the  chambers,  packing  the  bleach,  firing  the  superheater  and  de- 
composer, dipping  the  marbles,  and  general  superintendence — are 
stated  by  Schappi=14«. or  15^. per  ton;  to  this  must  be  added  Is, 
for  copper.     [The  last  item  must  depend  on  the  price  of  copper.] 
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The  consumption  of  coals  is  very  slight  for  the  Roots'  blower, 
and  not  very  large  for  the  superheater,  so  that  it  need  not  exceed 
in  all  8  or  10  cwt.  per  ton  of  bleach. 

We  must  not  overlook  the  advantage  that  no  nuisance  can 
be  caused  in  the  neighbourhood  of  works  by  this  process,  since 
neither  HCl  nor  chlorine  can  escape  through  the  leaks,  owing  to 
the  inward  draughts. 

The  Chemical  Trade  Journal,  1890,  vol.  vi.  p.  16,  contains 
a  cost-sheet  evidently  drawn  up  by  a  well-informed  person.  At 
the  factory  in  question  a  ton  of  bleach  was  made  from  30  cwt. 
hydrochloric  acid,  only  the  pan-acid  being  employed.  The  most 
favourable  work  was,  in  decomposing  30  tons  per  week  (of 
132  hours),  a  yield  of  21  tons  of  bleach,  with  a  consumption  of 
23  cwt.  copper  ashes  for  1000  tons  of  bleach.  The  exact  costs 
per  ton  of  bleach  were  : — 

£    s.    d. 

Wages  0  15     1 

Coals  (at6«.)    0     2    8 

Lime 0     7    0 

Copper  ashes    0     12 

Casks    0  13    0 

Repairs 0    4    0 

Depreciation    1  13     4 

General  expenses 0  13     4 

Acid 0  10     5 


£5     0    0 


[The  following  remarks  must  be  made  with  reference  to  these 
statements,  taken  f  roni  an  actual  case.  The  very  high  amount  set 
down  for  depreciation  corresponds  to  10  per  cent,  on  a  cost  of  plant 
=  ^613,000,  and  is  calculated  on  the  actual  weekly  average  make 
of  not  quite  16  tons  of  bleach.  Other  manufacturers  assert  that 
they  have  erected  a  Deacon  *^  unif  at  much  less  cost  and  with  a 
much  larger  turn-out,  which  must  strongly  influence  the  figure  for 
depreciation,  and  probably  also  that  for  repairs.  The  general 
expenses  are  also  very  high  in  the  case  in  question.  On  the  other 
hand,  the  sum  of  10«.  5rf.  for  '^acid'^  seems  very  low  indeed, 
and  at  most  places  much  more  than  that  will  be  put  in  the  cost- 
account,  even  when  utilizing  the  re-condensed  acid  as  much  as 
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practicable.  The  present  costs  of  Deacon  bleach,  which  in  England 
is  now  exclusively  made  by  the  United  Alkali  Company,  are  kept 
strictly  secret,  and  information  is  refused  even  as  to  the  quantity 
manufactured  by  this  process.] 

The  cost  of  plant  for  a  Deacon  *'  unit "  was  stated  in  the  years 
after  1870  at  a  minimum  of  £8000,  but  they  were  sometimes  twice 
as  high,  for  a  weekly  make  of  20  to  22  tons  of  bleach.  Especially 
the  bleach-chambers  were  very  expensive ;  this  is  one  of  the  reasons 
why  the  process  was  from  the  first  regarded  in  a  more  favourable 
lightfor  the  manufacture  of  chlorates.  What  the  cost  at  the  present 
day  would  be  I  do  not  know.  Kolb  (Rev,  Chim.  Industr.  1892, 
p.  165)  says  that  it  does  not  cost  much  more  than  a  Weldon  plant, 
and  requires  less  repairs,  labour,  and  wages.  The  Chemical  Trade 
Journal,  quoted  above,  states  it,  for  1890,  =£13,000.  This  does 
not  include  the  plant  for  the  Hasenclever  process. 
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CHAPTER  XIX. 

PROPERTIES  AND  BEHAVIOUR  OF  THE  HYPOCHLORITES 

AND  OF  BLEACHING-POWDER. 

The  affinity  of  chlorine  for  oxygen  is  very  slight;  they  cannot  be 
directly  combined.  Indirectly,  however,  a  number  of  compounds 
of  chlorine  with  oxygen  only  (anhydrides)  and  with  both  oxygen 
and  hydrogen  (the  acids  of  chlorine)  are  obtainable.  Of  these  we 
are  at  present  only  interested  in  hypochlorous  acid,  ClOH,  and  its 
anhydride  ClOCL  Chlorine  yields  hypochlorites  with  aqueous 
solutions  of  the  alkalies  and  alkaline  earths,  or  with  their  hydrates 
containing  a  little  water.  When  chlorine  is  not  in  excess,  chloride 
and  hypochlorite  are  formed  from  the  alkaline  hydrates  ;  with  an 
excess  of  chlorine,  chloride  and  free  hydrochlorous  acid  are  obtained 
— the  former  in  accordance  with  the  equation 

2K0H+2C1=K0C1  +  KC1  +  H30; 
the  latter  according  to 

KOH  +  2C1 = KCl  +  HOCl. 

Blomstrand  (Gmelin-Kraut,  i.  2,  p.  353)  states  that  at  first  hypo- 
chlorite and  hydrochloric  acid  are  formed : 

K0H  +  2C1  =  K0C1  +  HC1; 

the  HCl  then  saturates  a  second  molecule  of  potash.  According 
to  Williamson  (iJ.),  caustic  potash-liquor,  on  being  supersaturated 
with  chlorine  and  shaken  in  the  air,  absorbs  1^  eq.  chlorine ;  the 
bleaching-liquid  contains  no  salt  of  hypochlorous  acid,  but  already 
chloric  acid  or  potassium  chlorate.  Baryta-water,  saturated  with 
chlorine  and  shaken  with  air,  absorbs  4  eq.  chlorine,  and  then 
contains  barium  chloride  and  free  hypochlorous  acid, 

Ba(OH)  J  +  4C1 = BaClg  -h  2H0C1, 
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but  no  barium  hypochlorite^  since  CO9  does  not  cause  a  pre- 
cipitate^ and  silver  nitrate  yields  a  white  precipitate^  not^  as 
with  hypochlorites^  a  black  one.  Hence  the  hypochlorite  at  first 
produced  must  be  completely  decomposed  by  further  chlorine : 

Ba(0Cl)2 + 4C1  +  2H2O = BaCla + 4H0C1. 

According  to  Eonigel-Weisberg  (Ber.  d.  deutsch.  chem.  Ges. 
^ii.  pp.  346^  511}^  dry  barium  hydrate  is  not  affected  by  chlorine. 
In  the  presence  of  water,  one  molecule  of  BaO  will  absorb  two 
molecules  of  CI.  Any  hypochlorite  at  first  formed  decomposes 
quickly  into  chlorate  and  chloride,  which  two  form  the  final 
products.  Strontia  behaves  exactly  in  the  same  way.  The  action 
of  chlorine  on  calcium  hydrate  is  more  complicated,  and  will  be 
subsequently  explained  in  connexion  with  bleaching-powder. 

If  chlorine  is  passed  through  water  in  which  finely  powdered 
•cfhalk  is  suspended,  the  latter  is  dissolved  as  CaCls,  COs  escaping 
and  aqueous  HOCl  being  formed,  which  can  be  distilled  off 
{Williamson  ;  Kolb :  the  equation  should  be 

CaCOs + HjO  +  4C1 = CaCls  +  CO, + 2H0C1 ; 

but  under  such  circumstances  hypochlorous  acid  is  quickly  trans- 
formed into  chloric  acid).     Chlorine  passed  into  a  solution  of  an 
alkaline  carbonate  produces  chloride  along  with  free  HOCl  accord- 
ing to  some  authors,  or  hypochlorite  according  to  others.     Hypo- 
chlorous  acid  can  in  no  case  expel  CO,  from  carbonates,  except 
by  its  own  decomposition,  and  hence  does  not  cause  any  effer- 
'vescence  in  a  solution  of  sodium  carbonate  [this  is  oontntdicted 
by  Walters,  Wagner's  Jahresb.  1874,  p.  847]  or  any  precipitation 
of  bicarbonate ;  in  the  presence  of  alkaline  carbonates  it  retains 
its  smell   and  its   bleaching-property.     If  only  just  too   little 
chlorine  is  passed  through  a  solution  of  Na^COt  to  produce  any 
effervescence,  a  pale  yellow  liquid  is  obtained,  smelling  fidntly  of 
chlorine,  by  which  turmeric-paper  is  first  reddened  and  then 
bleached;    it    loses    scarcely   any    of    its    bleaching-power    on 
boiling,  but  much  on  evaporation  to  dryness;   and  the  quicker 
the  evaporation  the  greater  the  loss.     If  a  solution  of  NajCOs 
be  supersaturated  with  chlorine,   a  yellow,  strongly  bleaching 
liquor  is  obtained,  which,  when  evaporated  in  a  thin  layer  in 
warm  air,  leaves   a  residue  by  which  turmeric  is  first  turned 
^rown  and  then  decolorized,  which  therefore,  in  spite  of  the 
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excess  of  chlorine^  still  contains  sodium  carbonate.  On  boilingj^. 
this  liquid  evolves  chlorine^  loses  its  colour^  and  leaves  on 
evaporation  sodium  chloride^  chlorate^  and  a  little  carbonate 
(Omelin-Kraut^  /.  c). 

Austen  (Chem.  Zg.  1889^  Rep.  115)  states  that  bleaching* 
powder  solution  reacts  with  sodium  bicarbonate  as  follows  : 

Ca  (OCl), + NaHCOs = CaCOs + NaOCl  +  HOCl, 
NaOCl  H-NaHCOs    =Na20O8  +  HOCl. 

We  have  thus  a  free  mineral  acid  in  an  alkaline  solution.  Oa* 
boiling,  hypochlorous  acid  decomposes  into  HCl  and  O;  the- 
former  decomposes  NaHCOs,  so  that  the  escaping  gases  form 
a  mixture  of  CO2  and  O.  On  boiliog  a  solution  of  sodium  hypo- 
chlorite no  oxygen  escapes,  but  this  takes  place  if  CO^  had  been, 
previously  passed  through  the  solution. 

According  to  Phipson  (Compt.  Rend.  Ixxxvi.  p.  1196),  hydrogen^ 
sulphide  acts  on  bleaching-powder  in  this  way,  that  the  smell  of 
the  former  vanishes  and  an  odour  of  chlorine  is  perceptible;  free 
sulphur  becomes  visible.  Probably  at  first  hypochlorous  acid  is> 
formed,  which  reacts  with  H2S,  liberating  CI  and  S. 

The  anhydride  of  hypochlorous  acid,  Cl^O,  is  a  blood-red  liquid^, 
of  powerful  chlorine-like  smell,  boils  at  19°-20®  C,  and  is  easily 
decomposed  even  at  ordinary  temperatures,  often  with  an  explosion. 
Water  at  OP  0.  absorbs  more  than  200  vols,  of  the  gas,  the  hydrate  t 
ClOH  being  formed.   The  aqueous  acid  can  be  made,  as  mentioned,, 
by  passing  chlorine  gas  into  chalk  suspended  in  water  and  distillingj^ 
or  by  shaking  chlorine  gas  with  mercuric  oxide  suspended  in  water^ 
or  by  incompletely  saturating  bleaching-powder  with  very  dilute 
nitric  acid  and  distilling.     The  concentrated  aqueous  acid  has  the 
smell  of  the  gas  and  a  strong  taste,  and  a  highly  caustic  action, 
on  the  skin.     In  the  air  it  volatilizes  almost  entirely.     The  con- 
centrated acid,  on  being  heated,  gives  oif  a  reddish-yellow  gas;: 
the  diluted  acid  at  100^  C.  only  a  little  gas,  but  much  more  on 
adding  calcium  nitrate  or  phosphoric  acid  :  concentrated  sulphuric 
acid  decomposes  it  into  chlorine,  hypochloric  acid,  and  a  little 
oxygen.    The  dilute  acid  decomposes  slowly  even  in  the  dark,  and 
the  more  quickly  the  more  concentrated  and  hot  it  is ;  concentrated 
acid  will  keep  only  for  a  few  days,  even  if  surrounded  by  ice ;  it 
yields  chlorine  and  chloric  acid.     In  daylight  the  decomposition 
proceeds  more  rapidly.     The  dilute  acid  can  be  concentrated  bj 


HYPOCHLORITES  AND  BLEACHING*FOWDER.  419 

fractional  distillation^  the  stronger  acid  passing  over  first;  but; 
here  also  chlorine^  oxygen^  and  chloric  acid  are  formed^  especially 
from  the  concentrated  acid. 

The  solution  of  hypochlorous  acid  is  a  very  powerful  oxidizing 
agent,  dissolving  many  metab  up  to  the  maximum  of  their 
oxygenation  or  chlorination ;  it  also  decomposes  many  organic 
compounds. 

The  Hypochlorites  of  the  alkaline  metals^  of  magnesium,  zinc, 
and  copper,  can  be  obtained  by  mixing  the  hydroxides  with  dilute 
ClOH.  The  solutions,  when  containing  carbonate  in  excess,  can 
be  dried  down  at  the  ordinary  temperature  in  vacuo  without 
decomposition.  Much  more  frequently  hypochlorites  are  obtained 
mixed  with  chlorides  by  admitting  no  more  than  an  equivalent  of 
chlorine  to  the  aqueous  solution  or  suspension  of  the  alkalies, 
alkaline  earths,  or  magnesia  at  a  low  temperature.  Too  high  a 
temperature  or  an  excess  of  chlorine  causes  decomposition  (see 
above).  Formerly  the  solutions  thus  obtained  were  believed  to 
contain  direct  compounds  of  chlorine  with  the  alkalies  &c. — e,  g* 
NasOCl],  CaOCl].  Berzelius  already  in  1808  pronounced  them  to 
be  mixtures  of  a  chloride  and  a  salt  of  an  acid  of  chlorine ;  and 
since  Balard's  discovery  of  hypochlorous  acid  they  are  generally 
regarded  as  mixtures  of  chlorides  and  hypochlorites — e.  g. 

NaCl+NaOCl    and     CaCl,+Ca(OCl),. 

With  zolid  chloride  of  lime  the  case  is  diflferent,  as  we  shall  see. 

The  hypochlorites,  MOCl,  have  a  caustic  and  astringent  taste  ; 
they  do  not  produce  any  white  spots  on  the  skin,  and  in  contact 
with  organic  substances  have  a  peculiar  faint  smell.    That  their 
smell  is  not  attributable  to  free  hypochlorous  acid,  as  usually 
assumed,  we  shall  see  later  on.     In  the  dark  at  the  ordinary 
temperature  they  give  ofiE  oxygen  very  slowly ;  in  daylight  (and 
much  more  quickly  in  sunlight)  the  solutions  of  the  alkaline 
hypochlorites  decompose  into  chloride,  chlorite,  and  chlorate,  with 
evolution  of  oxygen.     A  solution  of  chloride  of  lime,  when  kept  in 
a  closed  vessel,  gradually  gives  off  oxygen,  especially  in  daylight, 
and  leaves  CaClg  behind ;  in  direct  sunlight  chlorite  also  is  formed, 
along  with  a  little  chlorate.     On  heating  the  aqueous  solution,  even 
in  vacuo,  if  the  alkali  does  not  greatly  predominate,  the  alkaline 
hypochlorites  are  decomposed,  mostly  with  evolution  of  oxygen, 
into  chloride  and  chlorate.    But  with  an  excess  of  alkali,  alkaline 

2E2 
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nypochlorites  can  be  evaporated  even  at  50°  C.  without  decomposing 
into  chloride  and  chlorate;  the  residue  still  bleaches  strongly. 
Solutions  of  chloride  of  lime  are  by  long-continued  boiling  con- 
verted into  calcinm  chloride  and  chlorate :  during  this  no  oxygen 
escapes  if  the  solution  contained  only  16  grams  Ca02Cl2  per  litre ; 
but  from  solutions  containing  22^  32^  and  48  grams  CaOjCls  per 
litre  only  80'5,  48*4,  and  43*8  per  cent.  Ca (0103)3  are  obtained, 
because  oxygen  is  lost  (Schlieper,  Ann.  Chem.  Pharm.  c.  p.  171). 
Gay-Lussac  and  Mitscherlich  already  noticed  that  the  evolution  of 
oxygen  on  boiling  solutions  of  bleaching-powder  was  increased  by 
the  addition  of  powdered  manganese,  ferric  oxide,  cupric  oxide,  &c., 
without  these  substances  themselves  being  decomposed.  Fleitmann 
(Ann.  Chem.  Pharm.  cxxxiv.  p.  64)  observed  that  concentrated 
solutions  of  bleaching-powder  are  completely  decomposed  into 
calcium  chloride  and  oxygen  on  being  heated  with  a  trace  of 
cobalt  peroxide ;  and  this  reaction  has  often  been  employed  for 
making  oxygen.  Several  other  substances  act  in  the  same  way 
(Gmelin-Kraut,  i.  2,  p.  359). 

The  action  of  an  excess  of  chlorine  on  hypochlorites  at  the 
ordinary  temperature  is  of  practical  importance.  By  this  free 
bypochlorous  acid  is  obtained,  e.g. 

K0C1  +  2C1+H30=KCH-2H0C1. 

Bleaching-powder  also  behaves  in  this  way ;  and  the  presence  of 
free  hypochlorous  acid  can  be  proved  by  distillation.  In  this  case, 
even  at  the  ordinary  temperature,  according  to  Baillard  chlorate  is 
formed,  but  according  to  Martens  and  Kolb  very  little  or  none 
(comp.  my  own  researches  in  the  chapter  treating  of  Chlorates). 
It  is  established,  however,  that  the  conversion  of  hypochlorites  into 
chlorate  by  heating  is  very  much  hastened  by  the  presence  of 
an  excess  of  chlorine ;  and  since,  under  such  circumstances,  where 
by  an  excess  of  chlorine  free  hypochlorous  acid  is  formed  a  rise  of 
temperature  can  hardly  be  avoided,  there  is  nearly  always  a  notice- 
able, and  sometimes  a  predominant  formation  of  chloric  acid. 

The  hypochlorites  act  as  oxidizers  in  the  same  way  as  the  free 
acid,  and  raise  most  of  the  lower  oxides  to  the  highest  degree  of 
oxidation.  They  destroy  organic  colouring-matters  and  smells 
(i.  e.  they  bleach  and  disinfect),  though  only  slowly  and  to  a  small 
extent  when  other  acids  are  entirely  excluded.    The  hypochlorites. 
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however,  may  exert  an  oxidizing  and  consequently  a  bleaching 
action  even  without  HOCl  or  CI  becoming  free :  e.g. 

CaS  +2Ca(OCl)j=CaS04+2CaCl-|. 
It  is  indeed  possible  to  bleach  fabrics  or  paper-pulp  completely 
in  closed  vessels  in  the  absence  of  air ;  but  certainly  the  oxidizing 
and  bleaching  action  of  hypochlorites  takes  place  much  more 
readily  with  the  assistance  of  acids,  even  of  the  weakest :  carbonic 
acid^  for  instance,  causes  a  strong  action  of  this  kind,  as,  like  the 
other  acids,  it  sets  hypochlorous  acid  free.  When  CO2  acts  upon 
dissolved  or  moistened  bleaching-powder,  the  HOCl  becomes  free 
and  all  the  lime  combined  with  it  is  precipitated  as  carbonate.  An 
insufficient  quantity  of  sulphuric  or  nitric  acid  also  causes  the 
liberation  of  hypochlorous  acid  from  hypochlorites ;  but  hydro- 
chloric acid,  or  an  acid  decomposing  chlorides  with  separation  of 
HCl^  yields  both  chlorine  and  free  hypochlorous  acid;  and  of 
course  the  same  thing  happens  when  from  the  first  a  sufficient 
excess  of  strong  acid  is  added : 

KOCl  +  NOsH  c=  KNO,  +  HOCl ; 
KOCl+KCl  +  S04Hs=K3S04  +  H20+2Cl; 
KOCl + 2HC1 = KCl + H2O + 2C1. 

[The  above  statements  on  the  reactions  of  hypochlorous  acid 
and  its  salts,  chiefly  taken  from  Gmelin-Kraut,  must  be  supple- 
mented by  the  researches  of  the  last  few  years,  mentioned  below.] 

The  action  of  ammonium  chloride  upon  bleaching-powder  has 
been  studied  by  Salzer  (Dingl.  Journ.  ccxxx.  p.  418).  The  two 
substances,  shaken  together  in  the  dry  state,  give  off  an  explosive 
gas,  probably  by  the  decomposition  of  ammonium  hypochlorite. 
Pure  and  saturated  bleaching-powder  (88  per  cent,  chlorine)  does 
not  yield  any  free  ammonia  with  ammonium  chloride  if  dry,  but 
only  after  it  has  become  moist ;  this  seems  to  prove  that  no  free 
lime  is  present.  After  triturating  such  bleaching-powder  with 
100  times  its  weight  of  water  and  adding  a  neutral  solution  of 
ammonium  chloride  in  excess,  a  perfectly  clear,  neutral,  not  bleach- 
ing liquid  is  formed,  which  gradually  gives  off  gas  and  turns  acid. 

The  only  hypochlorite  obtained  in  a  crystallized  state  is  that  of 
calcium,  described  by  Kingzett  (Chem.  News,  xxxi.  p.  113 ;  xxxii. 
p.  21).  He  caused  a  filtered  solution  of  bleaching-powder  to  freeze 
in  a  refrigerating-mixture,  and  allowed  the  solid  mass  obtained  to 
ihaw  on  a  filter,  by  which  he  obtained  feathery  crystals  almost  an 
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inch  long ;  he  also  obtained  the  crystals  by  allowing  the  solution 
to  stand  in  a  yacunm  beside  sulphuric  acid  or  caustic  potash.  They 
are  yery  unstable,  and  in  the  air  lose  chlorine  or  hypochloroas  acid. 
According  to  Kingzett's  analyses  they  are  Ca{OCl)2+4H20 ;  but 
those  analyses  are  not  sufficiently  concordant  to  make  certain  the 
exactness  of  that  formula.  The  '^  crystallized  calcium  hypo- 
chlorite ''  must  therefore  be  examined  further  before  its  existence 
can  be  pronounced  indubitable.  Kingzett  points  out  that  this 
product  has  the  great  advantage  over  bleaching-powder  of  being 
entirely  soluble  in  water  and  containing  the  bleaching  chlorine  in 
a  much  smaller  rolnme.  But  these  advantages  are  of  very  little 
moment,  looking  at  the  extremely  slight  stability  of  the  salt;  and, 
moreover,  its  discoverer  himself  says  he  is  unable  to  indicate  a 
technically  available  process  for  its  production. 

Chloride  of  Lime  {Bleaching-Powder). 

We  have  already  mentioned  this  product  several  times,  but  have 
almost  exclusively  described  the  reactions  of  its  solution,  in  which^ 
almost  universally,  calcium  hypochlorite  is  assumed  to  be  present 
along  with  calcium  chloride  ;  and  the  product  obtained  by  absorp- 
tion of  chlorine  in  milk  of  lime  (bleach-liquor)  behaves  in  just  the 
same  way ;  but  the  product  obtained  by  absorption  of  chlorine  by 
slaked  lime,  the  bleaching-powder  itself,  must  be  submitted  to  a 
special  consideration,  since  opinions  widely  differ  as  to  its  consti- 
tution. 

At  first  and  for  some  time  after  the  discovery  of  bleaching-powder 
it  was  assumed  to  be  simply  a  compound  of  chlorine  and  lime, 
Jwcording  to  modern  atomic  weights  ssCaOClj.  Balard  in  1835 
(Ann.  Chim.  Phys.  [2]  Ivii.p.  225),  after  discovering  hypochlorous 
acid  and  studying  the  alkaline  hypochlorites,  came  to  the  convic- 
tion that  bleaching-powder  is  a  compound  or  mixture  of  equivalent 
proportions  of  calcium  hypochlorite  and  chloride = CaOgClg  +  CaClg, 
mixed  with  an  excess  of  calcium  hydrate.  '  hi  a  research  of  Gay- 
Lussac's  in  1842  (ib.  [3]  v.  p.  273)  Balard's  formula  was  confirmed 
by  new  arguments ;  and  for  many  years  it  was  almost  universally 
assumed  that  not  merely  the  solution,  but  also  solid  bleaching- 
powder  was  explained  by  the  simple  formula 

2Ca(OH),  +  4Cl  =  Ca(OCl)2  +  CaCl2  +  2H80. 
But  this  opinion  was  shaken  by  two  facts  which  could  not  be 
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long  overlooked^  viz. : — Ist,  that  the  presence  of  free  calcium 
^chloride  in  bleaching-powder  is  nothing  like  so  clearly  evidenced 
(by  its  deliquescence,  solubility  in  alcohol,  8cc.)  as  the  above  formula 
requires ;  and,  2nd,  that  the  formula  does  not  explain  the  notorious 
fact  that  solid  bleaching-powder  is  not  obtainable  without  a  large 
•quantity  of  free  calcium  hydrate.  This  caused  a  number  of  other 
formulae  to  be  proposed. 

These  and  many  subsequent  investigations  are  discussed  at  length 
in  our  first  edition.  Vol.  III.  pp.  92-106.  Here  we  merely  allude  to 
ihis  subject,  as  those  papers  have  merely  an  historic  interest  now^ 
«ince  it  has  been  shown  that  bleaching-powder  can  be  made  with 
•considerably  less  free  calcium  hydrate  than  is  required  by  any  of 
those  formulse,  and  that  this  free  calcium  hydrate  escapes 
•chlorination  merely  in  a  mechanical  way,  by  being  encrusted 
^th  the  proper  bleaching  compound,  as  had  been  contended  by 
BoUey  as  early  as  1859.  We  shall  therefore  only  quote,  without 
further  discussion,  a  few  of  those  formulse,  proposed  on  the  ground 
of  the  presence  of  .free  lime : — 

Fresenius  (Ann.  Chem.  Pharm.  xcviii.  p.  317)  : 
Ca(OCl)2  +  CaCl2, 2CaO+4H20. 

Kolb  (Compt.  Rend.  Ixv.  p.  530)  : 
2CaOCl2,  HjO  +  Ca(OH)8. 

Stahlschmidt  (Dingl.  Joum.  ccxxi.  pp.  243  &  335) : 

2  CaHClOs  +  CaCla  +  2H2O 

0H\ 

(his  structural  formula  for  CaHClO,  is :  Ca^^QQi  1. 

In  opposition  to  this,  many  chemists  even  then  maintained  the 
formula  CaOCl^,  but  they  interpreted  it  differently,  e.g.  Millon  and 

Muspratt:  Ca^^Q,  ;  Odling  (in  his  *  Handbook  of  Chemistry,' but 

—  CI 
without  giving  any  reasons  for  it):    ^^^r\n\>  Goepner  (Dingl. 

JoTim.  ccix.  p.  204)  :*  (CaO)Cl3;  similarly  Richters  and  Juncker 
{Dingl.  Joum.  ccxi.  p.  31),  and  Walters  (Joum.  f.  prakt.  Ch.  [2]  x. 
p.  128),  who  contends  that  even  a  solution  of  bleaching-powder  at 
first  contains  CaOCl2,  not  a  mixture  of  hypochlorite  and  chloride. 
This  is  approved  by  Opl  (Dingl.  Joum.  ccxv.  p.  83).  O'Shea 
(Joum.  Chem.  Soc.  xliii.  p.  410)  agrees  with  Odling's  formula. 

Extensive  investigations  on  bleaching-powder  and  its  consti- 
tution have  been  made  by  myself  in  conjunction  with  several  of 
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my  students^  of  which  a  very  brief  summaiy  will  now  be  given* 
Lunge  and  Schappi  (Dingl.  Journ.  ccxxxvii.  p.  63,  and  Chem.  Ind. 
1881,  p.  289)  found  that  perfectly  dry  chlorine  acts  already  on 
lime  containing  only  6'5  per  cent,  water,  and  thereby  yields  a 
product  containing  9'06  per  cent,  available  chlorine.    The  capacity 
of  lime  for  absorbing  chlorine  increases  with  its  percentage  of 
water ;  at  24'0  per  cent.  H^O  we  obtained  bleaching-powder  with 
40*71  per  cent.,  at  27*8  per  cent.  HsO  it  contained  43*13  or  43*42 
per  cent,  available  chlorine.      If  the  percentage  of  water  increases 
further,  the  percentage  of  available  chlorine  slowly  decreases ;  but 
even  at  31*8  per  cent.  HgO  in  the  lime,  still  36*85  per  cent,  avail- 
able chlorine  is  reached.     Moist  chlorine,  passed  over  dry  calcium 
hydrate  (with  about  24  per  cent.  H^O),  yields  good  bleaching- 
powder  with  38  to  42  per  cent,  chlorine.     The  strongest  bleach  is 
always  obtained  if  the  total  moisture  of  the  chlorine  and  the  lime 
(calculating  the  excess  of  water  over  the  24*3  per  cent,  required 
for  forming  the  hydrate)  is  about  4  per  cent.     That  is  :  with  per-^ 
fectly  dry  chlorine  the  lime  should  contain  about  28  per  cent.,  but 
less  than  that  with  moist  chlorine.     [In  fact  at  Aussig  they  keep 
the  percentage  of  water  in  the  lime  during  summer =24*5  or 
25  per  cent. ;  during  winter,  when  more  moisture  is  condensed  in 
the  200  feet  of  piping  through  which  the  chlorine  is  conveyed^ 
they  put  the  lime  into  the  chambers  with  25*5  per  cent.  HjO,  and 
this  is  checked  by  daily  tests.     We  at  the  same  time  drew  attention 
to  the  advantage,  since  then  re-discovered  and  patented,  of  em- 
ploying perfectly  dry  chlorine  and  also  exactly  regulating  the  per- 
centage of  water  in  the  lime.] 

Damp  air  of  80°  C.  deprives  the  bleaching-powder  of  much 
oxygen,  but  not  of  chlorine,  much  chloride  and  chlorate  being 
formed.  Dry  air  deprives  it  equally  of  oxygen,  but  at  the  same 
time  splits  off  some  chlorine.  Carbonic  acid  in  the  dry  state  has 
little  or  no  action ;  in  the  damp  state  it  expels  at  7(f  most  of  the. 
chlorine  (29*58  per  cent,  of  the  34  per  cent,  contained  in  the 
sample),  without,  of  course,  acting  on  calcium  chloride.  Hence 
no  real  CaClj  can  be  assumed  to  exist  in  bleaching-powder,  and 
Odling's  formula  CI— Ca— OCl  is  to  be  assumed  as  correct* 
The  water  in  chlorine  can  be  mostly  expelled  already  at  150° ;  a 
few  per  cent,  only  at  a  red  heat.  The  strongest  bleaching-powder 
made  in  the  laboratory  contained  about  17  per  cent.,  weaker  com- 
mercial bleaching-powder  20^  per  cent,  water. 
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The  analysis  of  a  very  good  sample  of  laboratory-made  bleaching- 
IK)wder  showed : — 

39-89  per  cent.  CaO. 

43*13       ,f         available  chlorine. 

0'29       „         chlorine  as  chloride  (corr.  to  0*07  oxygen). 
17'00       „         HjO  (directly  estimated). 

0-42       „         CO,. 


100*73  per  cent.^  of  which  0*07  has  to  be  deducted  for  oxygen. 
From  this  the  following  composition  can  be  deduced  : — 

2CaOCl2,  HjO 82-65 

CaCO, 0-95 

CaClj   0-44 

Ca(0H)3 6-80 

H,0 916 

10000 

This  small  quantity  of  calcium  hydrate  is  not  sufficient  for  the 
construction  of  any  formula^  and  must  be  explained  by  the 
assumption,  plausible  in  every  respect,  that  the  bleaching-com- 
pound  mechanically  surrounds  a  portion  of  the  lime  and  does  not 
allow  the  chlorine  to  penetrate  to  it. 

Experiments  on  the  most  suitable  temperature  for  the  formation 
of  bleaching-powder  showed  that  even  at  (f  bleach  of  20  per  cent, 
was  obtained.  With  dry  chlorine  not  much  difference  was  found 
between  10°  and  60° ;  even  at  60°  C.  we  obtained  bleach  with 
40*5  per  cent,  available  chlorine  with  dry  chlorine,  or  39*5  per 
cent,  with  damp  chlorine;  but  above  60°  the  percentage  rapidly 
decreased.  The  strongest  bleach  (42*5  per  cent,  with  dry,  41  per 
cent,  with  damp  chlorine)  was  obtained  between  40°  and  45°  C. ; 
the  percentage  of  the  bleach  made  at  that  temperature  after  two 
months^  keeping  had  only  decreased  to  39  per  cent.,  which  is  quite 
normal. 

The  residue  remaining  on  dissolving  the  bleaching-powder  was 
found  to  consist  almost  entirely  of  Ca(0H)2;  but  it  was  not 
possible  to  remove  the  last  trace  of  bleaching  chlorine  by  washing. 
In  the  case  of  very  good  (43  per  cent.)  laboratory-made  bleaching* 
powder,  the  calcium  hydrate  diminished  to  6*2  per  cent. 

Many  experiments  were  made  on  the  behaviour  of  bleaching- 
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powder  solutions  towards  acids.  As  it  was  frequently  necessary 
to  estimate  hypochlorous  acid  along  with  free  chlorine^  and  as  the 
methods  employed  by  our  predecessors  were  very  imperfect,  I  worked 
-out  a  very  simple  method,  based  on  the  foUowing  reactions : — 

2KI  +  C10H  +  HC1=2KC31  +  I,  +  H,0; 
2KI  +  CI,  +  HCl      =  2KC1  + 1,  +  HCl. 

That  is  to  say :  on  adding  potassium  iodide  and  standard  hydro- 
chloric acid,  in  the  case  of  hypochlorous  acid  each  mol.  HOCl 
causes  the  neutralization  of  a  mol.  HCl,  but  in  the  case  of  free 
chlorine  no  HCl  is  neutralized.  The  free  iodine  separated  is 
titrated  with  decinormal  thiosulphate,  and  then  the  acidity  is 
titrated  in  the  ordinary  way.  Since  HOCl  consumes  twice  as 
much  decinormal  thiosulphate  as  decinormal  hydrochloric  acid, 
any  excess  of  the  latter  over  this  proportion  indicates  a  corre- 
sponding quantity  of  free  chlorine  present.  With  the  assistance 
of  this  method  the  behaviour  of  strong  mineral  acids  and  carbonic 
xicid  towards  solutions  of  bleaching-powder  was  investigated  (comp. 
above,  the  action  of  CO,  on  dry  bleaching-powder) .  We  found 
that  even  the  strong  acids,  unless  an  excess  of  these  was  present^ 
primarily  formed  only  HOCl ;  this,  of  course,  also  holds  good  of 
CO,.  Freshly  precipitated  calcium  carbonate  was  only  partially 
decomposed  by  free  HOCl ;  part  of  the  latter  distils  over  unchanged. 
On  boiling,  the  solution  of  HOCl  yields  very  inconsiderable 
quantities  of  oxygen. 

Kraut  (Ann.  Chem.  ccxiv.  p.  354)  objected  to  Odling's  formula 
that  lithia,  which  is  monovalent  and  therefore  not  reducible  to  a 
formula  similar  to  Odling's,  behaves  towards  chlorine  precisely 
like  lime :  at  0^  it  is  not  acted  upon  ;  in  the  presence  of  a  little 
water  the  quantity  of  chlorine  absorbed  does  not  correspond  to  the 
total  lithia  present,  but  only  to  two-thirds  of  it;  the  bleaching 
compound  always  necessarily  contains  one-third  of  the  base  in 
excess,  and  is  decomposed  by  CO2  just  like  bleaching-powder. 
The  latter  must  be  represented  as  containing  a  mixture  of  calcium 
hypochlorite  and  chloride,  which  is  formed  by  the  action  of  4C1 
on  3Ca(OH)2,  and  which  is  decomposed  by  CO2  in  such  manner 
that  hypochlorous  acid  is  liberated  from  the  hypochlorite,  and  that 
the  hypochlorous  acid  decomposes  the  calcium  chloride  by  a 
common  reaction  with  COj,  thus : 

CaClj  +  CI2O  +  C02=CaC03  +  4C1. 
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Erauf  8  assertions,  which  were  based  on  a  very  few  experiments 
of  two  of  his  students,  were  refuted  on  all  points  by  an  extensive 
inyestigation,  made  by  Lunge  and  Naef  (Ann.  Chem.  ccxiz.  p.  129; 
an  abstract  in  Berl.  Ber.  1883,  p.  840).  We  showed  that  Kraufs 
aUeged  ''  common  reaction  "  of  CljO  and  CO2  is  nothing  but  a 
mixing  up  of  two  successive  phenomena.  Hypochlorous  acid  acts 
-on  pure  CaCls  with  formation  of  bleaching-powder,  distinguished 
from  the  ordinary  product  by  not  containing  an  excess  of  lime,  but 
<of  calcium  chloride,  the  reaction  being : 

CaCls  +  CljO = CaOCla  +  C\. 

lYom  bleaching-powder  COj  expels  only  that  quantity  of  chlorine 
-which  must  be  expected  from  the  theory  : 

Cl—Ca— OCl + CO3 = CaCOs  +  2C1. 
The  analysis  of  the  gases  never  showed  more  than  a  trace  of  CI9O 
:along  with  the  chlorine,  whereas  according  to  Kraut's  theory  con- 
siderable quantities  of  CI2O  should  have  been  found.  The  experi- 
ments with  lithia  made  by  Kraut's  students  are  altogether  wrong, 
and  so  are  his  calculations  founded  thereon.  It  is  possible  to 
convert  not  merely  66  per  cent,  but  88  per  cent,  of  the  lithia  by 
chlorine  into  a  bleaching  compound,  which  behaves,  however, 
altogether  differently  from  chloride  of  lime  :  at  the  ordinary  tem- 
perature it  is  hardly  at  all  acted  upon  by  CO9,  and  the  gas  liberated 
contains  pretty  much  CI2O,  together  with  chlorine.  On  the  other 
hand,  the  bivalent  metals  barium  and  strontium  yield  products 
altogether  analogous  to  chloride  of  lime  in  the  above  respect.  This 
fact  affords  further  support  to  the  view  that  bleaching-powder 
(chloride  of  lime)  contains  a  compound  CI — Ca — OCl,  but  ''chloride 
of  lithia ''  a  mixture  of  LiOCl  and  LiCl :  of  course  in  the  case  of  a 
monovalent  metal  a  compound  similar  to  the  above  cannot  possibly 
be  formed. 

This  investigation  was  opposed  by  Kraut  (Ann.  Chem.  ccxxi. 
|>.  108)  in  extremely  violent  terms,  but  without  adducing  a  single 
new  fact.  His  assertions  were  again  completely  refuted  by  a  paper 
of  mine  {eod.  loco,  ccxxiii.  p.  106). 

A  paper  by  Dreyfus  (Bull.  Soc.  Chim.  xli.  p.  600),  who  pro- 
nounces for  Stahlschmidt's  formula,  but  whose  work  is  full  of  the 
.grossest  errors,  has  been  entirely  demolished  by  Lunge  and  Schoch 
<Berl.  Ber.  1887,  p.  1474). 

Mijers  (Rec.  trav.  chim.  Pays-Bas,  xi.  p.  76)  gives  to  bleaching- 
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powder  the  formula  Cl2Ca(OH)9^  which  he  belieyes  to  be  an  im- 
portant new  discoTery^  but  which  means  nothing  but  a  hydrate  of 
Odling's  formula.  He  also  attacks  some  of  my  assertions^  founded 
on  observed  facts^  but  without  the  shadow  of  a  proof.  I  have 
shown  the  utter  worthlessness  of  his  paper  in  Zschr.  f.  anorg.  Chem.. 
ii.  p.  311.  A  yery  weak  attempt  of  Mijers  to  uphold  his  position 
(ibid.  iii.  p.  186)^  which  was  in  reality  a  complete  retreat^  haa 
been  refuted  by  me  (ibid.  iii.  p.  352). 

Sometimes  (first  by  Persoz)  the  assertion  has  been  made  that  the 
insoluble  residue  of  bleaching-powder  contains  a  special  bleaching 
compound  which  acts  more  distinctively  on  vegetable  fibre  than  a 
solution  of  bleaching-powder.  I  have  induced  Mr.  Fred.  Hodges 
to  examine  this  subject^  with  the  result  that  there  is  no  such 
insoluble  compound^  or  that  at  all  events  it  is  dissolved  by  pro- 
longed washing,  and  this  solution  behaves  exactly  like  ordinary 
bleaching-powder  solution.  The  alleged  distinctive  action  of  the 
residue  could  not  be  established :  it  must  be  assumed  that  the 
observed  damage  is  caused  by  fine  particles  of  bleaching-powder 
settling  on  the  fibre  and  locally  forming  concentrated  solutions  by 
which  cellulose  is  converted  into  oxycellulose. 

Hutchinson  (Engl,  patent  13504^  1890)  makes  the  very  imprac* 
ticable  proposal  to  employ  the  insoluble  residue  for  the  preparation 
of  caustic  soda  from  sodium  carbonate;  the  residue  formed  by  this 
operation  is  to  be  separated  by  a  filter-press  and  to  be  used  over 
again. 

An  extensive  investigation  respecting  the  action  of  metallic  oxides 
on  the  hypochlorites  of  the  alkalies  and  of  lime  has  been  made  by 
Blattner  (Bull.  Soc.  Chim.  du  Nord,  1892,  p.  58).  The  precipitated 
metallic  oxides  were  left  in  contact  with  the  agents  at  ordinary  tem- 
peratures during  15  or  20  days  and  were  daily  titrated.  The  oxides  of 
cobalt,  nickel,  and  copper  after  three  days  reduce  the  total  available 
chlorine  of  bleaching-powder  to  chloride.  Ferric  oxide  acts  much 
more  slowly,  the  oxides  of  manganese  and  lead  very  slightly  indeed  > 
zinc  oxide  has  no  action  at  all.  The  concentration  of  the  solution 
of  chloride  of  lime  is  not  material.  The  same  reactions  were 
exhibited  by  the  metallic  oxides  in  the  same  order  towards  hypo- 
chlorite of  soda  (£au  de  Javel).  In  this  case  the  strength  of  the 
solutions  was  varied,  not  merely  with  respect  to  their  available 
chlorine,  but  also  to  their  excess  of  alkali.  Contrary  to  the 
common  opinion,  it  turned  out  that  the  stability  of  Eau  de  Javel 
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does  not  increase  with  its  alkalinity :  this  has  only  a  slight^  and 
flometimes  the  contrary  influence.  Only  the  concentration  is  of 
importance.  Liquors  containing  40°  Gay-Lussac  (12*7  per  cent. 
available  chlorine)  or  less  lose  part  of  their  available  chlorine  from 
day  to  day  in  the  same  ratio ;  those  testing  above  40°  G.L.  lose 
twice  as  much^  especially  during  the  first  few  days ;  here  also  the 
decomposition  goes  on  in  proportion  to  the  percentage  of  available 
•chlorine.  Dry  metallic  oxides  act  much  more  slowly  than  in  the 
fitate  of  a  freshly  precipitated  paste.  The  metals  themselves  act 
^uite  similarly  to  their  oxides.  This  is  important  for  technical 
purposes,  for  it  shows  that  copper  is  least  adapted  for  being  brought 
-into  contact  with  bleach  liquors ;  iron  comes  at  a  great  distance, 
but  is  still  decidedly  injurious ;  whereas  lead  has  hardly  any,  and 
«inc  absolutely  no  injurious  action. 

Blattner's  results  as  to  the  part  played  by  cupric  oxide  towards 
bleaching-powder  solutions  may  possibly  explain  the  phenomenon, 
noticed  by  Oerland  (Joum.  Soc.  Chem.  Ind.  1891^  p.  25),  that 
Ueach  liquor  obtained  by  the  Deacon  process  was  quickly  decom- 
posed when  over  40°  C,  but  liquor  from  the  Weldon  process  only 
when  a  copper  vessel  was  employed  (Deacon  bleach  always  con- 
tains a  trace  of  copper,  comp.  p.  412). 


Analysis  of  BlecLching^Powder  and  Bleachr-IAquors, 

The  technical  analysis  of  bleaching-powder  is  exclusively 
confined  to  the  estimation  of  its  percentage  of  available  chlorine 
(chlorometry).  A  large  number  of  plans  have  been  proposed  for 
this,  the  most  important  of  which  will  now  be  explained. 

The  first  rational  chlorometrical  method  was  introduced,  in 
1885,  by  Gay-Lussac  (Ann.  Chim.  Phys.  [2]  Ix.  p.  225),  and  is 
^till  the  basis  of  commercial  transactions  in  France.  He  availed 
himself  of  the  fact  that  free  chlorine  in  an  acid  solution  oxidizes 
arsemons  to  arsenic  acid  : 

AsjO, + 4C1 + 2HjO = AsjO, + 4HC1. 

198  parts  by  weight  of  arsenious  acid  are  converted  into  arsenic 
acid  by  142  parts  of  chlorine ;  or  1  litre  of  chlorine,  measured 
at  O^C.  and  760  millim.  mercurial  pressure,  weighing  8*17344 
^rams,  oxidizes  4*425  grams  As^Os.  Consequently  this  quantity  of 
lursenious  acid  is  also  oxidized  by  a  certain  volume  of  a  liquid 
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containing  exactly  1  litre  of  chlorine.     A  standard  solution  is  madd^ 
by  digesting  4*425  grams  of  pure  arsenious  acid  with  hydrochloric 
acid  and  900  cubic  centims.  of  water  till  completely  dissolved, 
and^  after  coolings  diluting  the  solution  to  exactly  1  litre.     Of  the 
bleaching-powder  10  grams  are  weighed^  triturated  in  a  porcelun 
mortar  with  a  little  water  to  a  soft  mud^  gradually  rinsed  into  a 
litre  bottle^  and  diluted  to  1000  cub.  centims.      Now  10  cub. 
centims.  of  the  arsenic  solution  are  taken  out  with  a  pipette^ 
coloured  blue  with  a  few  drops  of  a  solution  of  indigo  in  sulphuric 
acid^  and  the  bleach-solution  run  in  from  a  burette  till  the  blue- 
colour   has  just  vanished.      So  long   as   any  arsenious  acid  is 
present^  the  chlorine  is  taken  up  by  it ;  so  that  the  indigo  is^ 
not  bleached  until  all  the  arsenic  has  been  oxidized.     The  volume 
of  bleach-solution  consumed  corresponds  to  the  10  cub.  centims.^ 
of  chlorine  required  for  oxidizing  the  10  cub.  centims.  of  arsenic^ 
solution  employed ;  and  the  number  of  cub.  centims.  of  bleach- 
solution  consumed^  divided  by  1000^  gives  the  number  of  litres  of 
chlorine  gas  which  can  be  liberated  by  1  kilogram  of  the  bleach.. 
This  number  is  known  as  Gay-Lussac's  degrees ;  it  is  the  only 
one  used  in  France,  and  is  also  pretty  frequently  used  in  con- 
tinental countries;  but  6ay-Lussac's  analytical  method  has  been 
abandoned  everywhere  out  of  France.     The  latter  is  faulty,  a» 
with  different  degrees  of  dilution  and  different  quantities  of  acid 
in  excess  very  varying  results  are  obtained;  since  chlorine  and 
arsenious  acid  may  coexist  in  dilute  solutions,  the  bleaching  of  the 
indigo  is  no  certain  test  for  the  oxidation  of  all  the  arsenic ;  and 
as,  further,  the  indigo  is  always  partially  destroyed  at  the  point 
where  the  bleach-solution  runs  in,  the  coloiir  becomes  fainter  and 
fainter,  and  the  end  of  the  operation  is  very  indistinct  (Mohr). 

In  spite  of  its  imperfections,  and  although  Penot^s  method,  so 
much  superior  to  it,  has  also  been  invented  in  France,  Gay- 
Lussac^s  method  seems  to  be  still  predominant  in  that  country ; 
at  least  it  is  the  only  one  described  in  the  last  editions  of 
authoritative  text-books,  such  as  Payen's  *  Precis  de  Chimie  indus* 
trielle  ^  and  Fremy's  ^  Encyclopedic  chimique '  (article  *'  Chlore,^^ 

by  Kolb) . 

The  designation  of  the  strength  of  bleaching  compounds  by  Qayr 
Lussac^s  degrees,  although  it  is  much  less  rational  than  that  by 
percentage  of  bleaching  (available)  chlorine  by  weight,  is  not 
merely  universal  in  France,  but  is  also  general  in  Italy;  Spain^  &;c.. 
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and  frequently  used  even  in  Germany.     In  England  and  America 
the  percentage  by  weight  is  exclusively  used. 

The  testing  method,  formerly  generally  employed  in  England 
Germany,  and  some  other  countries,  was  introduced  by  Graham* 
and  improved  by  Otto.  It  is  founded  on  the  fact  that  ferrous- 
salts  are  directly  oxidized  into  ferric  salts  by  bleaching-powder,. 
and  that  it  is  easy  to  discover  when  no  more  ferrous  salt  is  present. 
The  reaction  is 

2FeO  +  2HC1  +  Ufi = FejOj  +  2HC1. 

For  this  purpose  ferrous  sulphate  is  usually  employed.  It  is 
best  prepared,  according  to  Otto,  in  the  shape  of  a  fine  powder 
precipitated  by  alcohol,  which  is  much  more  slowly  oxidized  in 
the  air  than  the  ordinary  crystals  of  copperas ;  but  it  appears  then 
to  contain  less  than  7  molecules  of  water,  and  consequently  yields 
misleading  results.  Mohr  very  strongly  recommended  ammonio- 
ferrous  sulphate;  but  this  ought  not  to  be  employed,  since  Biltz 
has  shown  (Wagner's  Jahresb.  1871,  p.  255 ;  1874,  p.  361)  that  a 
portion  of  the  chlorine  is  consumed  in  decomposing  the  ammonia. 
The  corresponding  sodium  compound  FeNa2(S04)2,4H20  is  said 
to  be  preferable.  The  molecular  weight  of  2(FeS04,  7H2O)  is 
556,  and  answers  to  201=71;  hence  0*5  gram  01  oxidizes  3*9^ 
ferrous  sulphate.  This  quantity  is  weighed  off,  dissolved  in  about 
50  cub.  centims.  of  water,  and  acidulated  with  sulphuric  acid. 
Further,  exactly  5  grams  of  the  bleaching-powder  to  be  tested  are 
weighed  off,  most  carefully  triturated  with  water  to  a  thin  paste^ 
and  rinsed  into  a  measuring-tube  divided  into  100  equal  parts,  «.^.. 
•J  cub.  centim.  each.  The  burette  is  filled  up  to  the  mark  with  the 
rinsings  and  its  contents  well  mixed  up.  This  bleach-solution 
(which  ought  to  have  the  appearance  of  milk  and  not  show  any  small 
lumps)  is  poured  with  constant  agitation  into  the  iron-solution 
prepared  before ;  and  from  time  to  time  the  mixture  is  tested  for 
unoxidized  iron  by  taking  out  a  drop  with  a  glass  rod  and  putting 
it  beside  one  of  a  solution  of  potassium  f erricyanide  quite  free  from 
ferrocyanide.  When  no  more  blue  precipitate,  but  only  a  brown 
coloration  ensues,  the  operation  is  finished.  Thus  just  as  much 
bleach  has  been  consumed  as  corresponds  to  0*5  gram  of  chlorine; 
hence  the  percentage  of  available  chlorine  in  the  bleach  is  found  by 
dividing  100x10=1000  by  the  number  of  measures  of  bleach- 
aolution  (made  from  5  grams)  consumed.    Thus,  if  29*5  measures- 
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have  been  consumed^  the  bleach  holds  90:^= 83*5  per  cent*  of 
available  chlorine. 

Graham  and  Otto's  process  cannot  be  recommended  at  all.  It 
requires  exact  weighings  of  bleaching-powder  and  iron  salt  for 
every  single  test.  It  is  not  easy  to  make  from  5  grams  of  bleach, 
irith  all  rinsings,  a  measure  of  50  cub.  centims.  really  free  from 
small  lumps ;  the  burette  must  be  often  shaken  to  keep  the  liquid 
in  the  same  state.  When  the  proper  point  has  been  exceeded,  cor- 
rection is  impossible,  and  a  new  test  must  be  made.  Lastly,  the 
accuracy  of  the  test  entirely  depends  upon  the  absolute  purity  of 
the  irouHsalt  employed,  unless  the  very  tedious  plan  is  adopted  of 
dissolving  pure  iron  wire  for  each  test.  Hence  the  process  is 
much  more  troublesome  and  tedious  even  in  manipulation,  and 
requires  more  practice,  than  the  iodine  method  or  Penof  s  arsenic 
method.  And,  after  all,  it  is  decidedly  inaccurate;  for  with  the 
best  stirring  it  is  impossible  to  prevent  an  escape  of  chlorine  when 
the  bleach-solution  is  being  poured  into  the  acid  liquid :  the  re- 
sults obtained  are  always  too  low,  and  that  by  1  or  2  per  cent. 
Another  source  of  error  is,  that  any  chlorate  present  acts,  even 
when  cold,  upon  ferrous  sulphate  in  an  acid  solution,  as  was 
fihown  by  Wright  (Chem.  News,  xvi.  p.  171) ;  the  same  perhaps 
holds  good  of  Wagner's  test,  in  which  also  an  acid  solution  is 
employed,  whilst  Penot's  test,  in  an  alkaline  solution,  is  not  at  all 
influenced  by  the  presence  of  chlorates. 

Another,  much  more  trustworthy  method  is  the  iodine  method, 
indicated  by  Bunsen  and  improved  by  Wagner,  who  substituted 
for  the  solution  of  sulphurous  acid  one  of  sodium  thiosulphate.  It 
utilizes  the  fact  that  bleaching-powder  liberates  from  a  potassium- 
iodide  solution  in  the  presence  of  free  hydrochloric  acid  a  quantity 
of  iodine  equivalent  to  the  available  chlorine,  the  iodine  remaining 
dissolved  in  the  excess  of  potassium  iodide.  On  addition  of  sodium 
thiosulphate,  tetrathionate  is  formed,  according  to  the  equation 

2Na2S203  +  21  =  NajS^Oe  +  2NaI ; 

«o  that,  after  the  iodine  has  been  completely  used  up,  the  liquid, 
previously  dark  brown  or  coloured  blue  by  starch,  is  decolorized. 
10  grams  of  bleaching-powder  are  ground  up  with  water,  diluted 
to  one  litre ;  100  cub.  centims.  ( = 1  gram  of  bleach)  are  taken  out^ 
and  to  these  are  added  25  cub.  centims.  of  a  10-per-cent.  solution 
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of  potassium  iodide  and  hydrochloric  acid  till  the  reaction  is  acid. 
To  this  brown  liquid  the  operator  adds  decinormal  thiosulphate 
solution  (containing  24*8  grams  of  that  salt  per  litre)  from  a  burette, 
at  the  same  time  stirring*  The  brown  liquid  gradually  turns 
lighter,  and  at  last  becomes  colourless,  completing  the  operation. 
The  transition  is  quite  sharp  and  unmistakable.  The  number  of 
cub.  centims.  of  thiosulphate  consumed,  multiplied  by  0*355,  shows 
the  percentage  of  available  chlorine  in  the  bleaching-powder. 
(Some  precautions  to  be  used  in  testing  with  thiosulphate  have 
been  mentioned  above,  p.  124.)  Wagner's  process  is  very  con- 
venient and  quickly  executed ;  and  in  the  absence  of  chlorate  it  is 
also  very  exact ;  but  in  the  presence  of  that  salt  it  is  inaccurate, 
unless  the  slightest  excess  of  HCl  be  avoided,  which  is  a  very  diffi- 
cult matter.  Chlorate  acts  equally  upon  KI  in  the  presence  of 
HCl ;  but  its  chlorine  is  useless  to  the  consumer.  This  assertion 
(made  by  Mohr)  is  denied  by  Wagner  himself,  and  has  also  been 
disproved  by  Winkler  (Dingl.  Journ.  cxcviii.  p.  143).  The  process 
is  also  somewhat  expensive  as  an  every-day  test,  on  account  of  the 
potassium  iodide.  Wagner's  proposal  to  employ  the  decolorized 
solutions  over  again  for  dissolving  iodine  is  not  feasible,  on  account 
of  the  dilution  ;  and  Mohr  asserts  that  it  is  inaccurate  in  the  pre- 
sence of  alkaline  carbonates. 

The  process  which  has  recently  been  employed  in  most  labora- 
tories (elsewhere  than  in  France)  is  titration  with  an  alkaline 
arsenite-solution  (while  Gay-Lussac  had  employed  an  acid  solution). 
This  process,  introduced  by  Penot,  fully  deserves  the  preference 
given  to  it,  on  account  of  its  being  entirely  free  from  sources  of 
error,  and  its  great  simplicity  and  facility  of  execution.  The 
reaction  is  the  same  as  in  Gay-Lussac's  process ;  but  by  employ- 
ing an  alkaline  liquid  any  escape  of  chlorine  is  avoided ;  and  the 
indicator,  iodized  starch-paper,  has  none  of  the  drawbacks  attach- 
ing to  the  indigo-solution. 

A  standard  solution  is  made  by  dissolving  ^q  molecule =4*95 
grams  of  pure  powdered  arsenioYis  acid  in  four  times  its  weight  of 
pure  sodium  carbonate  or  bicarbonate  and  about  200  grams  of 
boiling  water.  Neither  the  arsenic  nor  the  soda  must  contain 
any  oxidizable  sulphur  compounds ;  otherwise  the  solution  will 
not  keep.  Hence  it  is  safest  to  employ  sodium  bicarbonate,  which 
is  always  pure  in  this  respect,  and  to  test  the  ai*seiiious  acid  (of 
which  the  porcelain-like  pieces  occurring  in  commerce  are  uaually 
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quite  pure)  by  incipient  sublimation  between  two  watch-glasses ; 
the  red  arsenic  sulphide,  subliming  first,  is  easily  recognized.  A 
small  sample,  heated  on  platinum  foil,  should  be  completely 
volatilized.  The  arsenious  acid  has  the  convenient  property  of 
not  being  hygroscopic,  and  hence  is  easily  weighed  with  accuracy. 
When  it  has  been  completely  dissolved,  the  liquid  is  diluted  to  a 
litre ;  it  keeps  wholly  unchanged  for  years,  even  in  bottles  not 
quite  full.  The  test-paper  is  made  by  boiling  starch  for  some 
time  with  one  hundred  times  its  weight  of  water,  filtering,  adding 
a  little  pure  potassium  iodide,  and  soaking  Swedish  filtering-paper 
in  the  liquid. 

For  carrying  out  the  operation,  a  bleaching-powder  solution  is 
made  just  as  described  above,  viz.  by  grinding  the  powder  with  a 
little  water  in  a  small  mortar  with  its  spout  greased,  diluting  with 
more  water,  rinsing  out,  &;c.  Sometimes  warm  water  is  used ;  but 
this  should  be  done  cautiously,  as  such  solutions  of  bleach  quickly 
spoil.  I  weigh  each  time  7*100  grams  of  bleach,  which  is  made 
up  to  a  litre ;  for  each  operation  50  cub.  centims.  (=0*355  gram) 
are  taken.  This,  if  it  contained  100  per  cent.  CI,  would  require 
100  cub.  centims.  of  the  ^  molecular  arsenic-solution ;  hence  the 
number  of  cub.  centims.  of  the  arsenic-solution  actually  used 
shows  without  any  calculation  how  much  per  cent,  of  available 
chlorine  is  present  in  the  bleaching-powder.  The  testing  is  per- 
formed thus  : — The  50  cub.  centims.  of  bleach-solution  are  pipetted 
into  a  beaker,  which  is  agitated  while  not  quite  so  much  arsenic- 
solution  as  is  thought  necessary  is  poured  in  from  a  pinchcock 
burette ;  a  drop  of  the  mixture  is  put  on  the  potassium-iodide 
starch-paper.  According  to  the  depth  of  colour  (which  with  a 
very  large  excess  of  chlorine  is  not  blue,  but  brown),  more  or  less 
arsenic  is  poured  in  again,  and  again  tested,  till  at  last  no  spot  is 
produced  on  the  test-paper.  With  a  little  practice,  only  four 
or  five  testings  need  be  made  in  order  to  titrate  down  to  ^  or 
even  ^  per  cent. 

Mohr  adds  at  once  an  excess  of  arsenic-solution,  then  a  little 
starch-solution,  and  titrates  back  with  a  solution  of  iodine  equiva- 
lent to  the  arsenic-solution  (containing  12*70  grams  of  iodine  and 
about  25  grams  of  Kl  per  litre).  Thus  the  testing  of  spots  is 
jsaved ;  but  two  standard  liqxdds  are  required  instead  of  one,  and 
the  iodine-liquid  cannot  be  employed  even  in  a  pinchcock  burette. 
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Hence  Penot's  original  process  is   more   usually  employed   in 
factories. 

No  mention  will  here  be  made  of  the  great  number  of  other 
chlorometric  methods^  none  of  which  has  any  advantage  over 
Penof s^  and  nearly  all  of  which  are  inferior  to  it  in  some 
respect.  Only  the  gas-volumetric  method^  employing  hydrogen 
peroxide^  will  be  described^  as  it  is  an  excellent  check  for  Penot*s 
method. 

This  method  is  described  in  Joum.  Soc.  Chem.  Ind.  1890, 
p.  22 ;  it  is  carried  out  in  a  nitrometer  or  gas-volumeter,  with  a 
reaction-flask  attached  to  it,  just  as  in  testing  manganese  ore 
by  this  method  (p.  278).     The  solution  of  bleaching-powder  is 
run  by  means  of  a  pipette  into  the  outer  space  of  the  flask,  the 
hydrogen  peroxide  into  the  central  tube ;  the  operation  is  per- 
formed just  as  with  manganese  ore,  and  the  reading  is  taken  at 
•once.       The  reaction  being    CaOClj-f  H303=sCaCla+H20  +  02, 
the  volume  of  oxygen  given  off  equals  that  of  the  bleaching 
'Chlorine.     If  20  grams  bleaching-powder  is  dissolved  up  to  500 
-cub.  centims.,  and  5  cub.  centims.  (=0'2  gram  bleach)  is  employed 
for  testing,  each  cub.  centim.  of  oxygen,  reduced  to  0°  and  760 
millims.,  answers  to  5  degrees  Oay-Lussac,  or  1*58  per  cent,  by 
weight  of  available  chlorine.     If  7*917  grams  bleaching-powder  is 
•dissolved  to  250  cub.  centims.,  and  10  cub.  centims.  is  employed 
for  analysis,  each   cub.   centim.  oxygen   immediately   indicates 
1  per  cent,  of  available  chlorine.     The  hydrogen  peroxide  should 
be  made  just  perceptibly  alkaline  (as  shown  by  a  slight  flocculent 
precipitate).    The  results  are  about  0*2  per  cent,  higher  than  with 
Penot^s  method. 

In  all  prescriptions  for  testing  bleaching-powder  stress  is  laid 
upon  employing,  not  a  clear,  out  a  turbid,  shaken-up  solution  of 
bleach  for  titrating.  The  reason  is  because  the  bleaching  chlorine 
is  never  all  dissolved,  but  a  portion  of  it  remains  in  the  sediment, 
-and  hence  less  is  always  found  on  titrating  the  clear  solution  than 
•with  the  turbid  liquid.  But  undoubtedly  this  custom  is  not  alto- 
gether justifiable ;  for  the  consumers  must  nearly  always  use  for 
their  purposes,  not  the  turbid  liquid,  but  only  a  clear  solution. 
This  would  not  matter  very  much  if  the  proportion  of  available 
•chlorine  in  the  liquid  to  that  in  the  sediment  were  always  the  same ; 
hut  while  there  are  no  experiments  extant  upon  this  point  such 
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constancy  of  proportion  is  not  likely  to  exists  since  on  dissolving^ 
some  descriptions  of  bleach  they  behave  very  differently  from  others, 
according  to  the  nature  of  the  lime.  A  general  agreement  to 
titrate  only  the  clear  solution,  and  to  abate  accordingly  the  require- 
ment of  85  per  cent.^  would  be  much  more  rational. 

The  following  table  (calculated  by  Fattinson^  Chem.  NewSi  xix» 
p.  Ill)  shows  the  proportion  between  the  Gay-Lussac  degrees,  used 
in  France^  and  the  percentage  of  available  chlorine  as  designated 
in  England,  Germany^  &c.,  on  the  assumption  of  35*46  for  the 
.  molecular  weight  of  chlorine,  0*08961  gram  for  the  weight  of  1  litre 
of  hydrogen  at  0^  and  760  millims.  pressure,  and,  correspondingly, 
8*17763  grams  for  1  litre  of  chlorine  gas. 


f 

FreDch 
degrees. 

Per  cent. 
Chlorine. 

French 
degrees. 

Per  cent. 
Chlorine. 

French 
degrees. 

107 

108 

109 

110 

Per  oent 
Chlorine. 

63  

20-02 
20-34 
20-65 
20-97 
21-29 
21-61 
21-93 
22-24 
22-56 
22-88 
2320 
23-51 
23-83 
24-15 
24-47 
24-79 
25-10 
25-42 
2574 
26-06 
2637 
26-69 

85 

27-01 
27-33 
27-65 
27-96 
28-28 
28-60 
28-92 
29-23 
29-55 
29-87 
30-19 
30-51 
30-82 
31-14 
31-46 
81-78 
32-09 
32-41 
•     32-73 
33-05 
33-36 
33-68 

34-00 
34-82 
34-64 
34-95 
.%-27 
35  59 
35-91 

64  

86 

66  

87 

66  

88 

67  

89 

Ill 

68  

90 

1  112 

69  

91 

113 

70  

92 

114 

115 

1  116 

36-22 

71  

93 

36  54 

72  

94 

36-86 

73 

95 

1  117 ... 

118 

3718 

74  

96 

37-60 

75  

97 

119 

37-81 

76  

98 

1  ***' 

'  120 

3813 

77  

99 

,  121 

38-45 

78  

100 

'  122 

3877 

79  

101 

,  123 

124 

125 

126 

1  127 

1      39-08 

80  

102 

39*40 

81  

103 

1      " 
1      3972 

82  

104 

40-04 

83  

105 

40-36 

84  

106 

128 

40-67 

1 

In  testing  bleaching-powder  a  proper  kind  of  sampling  is  very 
important.  The  result  may  vary  by  several  per  cent.,  according 
to  whether  more  or  less  care  has  been  taken  in  that  respect.  At 
all  events  the  sampling  must  be  performed  in  a  dry  place^  pro- 
tected against  wind  if  practicable^  and  as  quickly  as  possible. 
When  working  in  a  warehouse^  or  still  more  easily  at  the  works 
themselves  before  the   last  coopering  up  of  the  casks,  it  is  a- 
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good  plan  to  open  the  upper  end  of  the  cask,  to  put  one's  arm 
as  deeply  as  possible  into  the  cask^  take  out  a  handful  of  bleach 
and  throw  it  into  a  large,  wide-mouthed  bottle^  which  thus  receiyes 
samples  firom  every  cask  collected,  and  in  which  they  are  at  last 
intimately  mixed.  Where  this  kind  of  sampling  is  not  feasible^ 
the  casks  must  be  bored  with  an  auger,  and  the  samples  thus 
obtained  are  also  thrown  into  the  above-mentioned  wide- 
mouthed  bottle,  which  is  instantly  corked  each  time.  A  suitable 
auger  is  shown  Vol.  II.  p.  99.  Superior  to  this  is  Angerstein's 
sampler.  Germ.  pat.  No.  26680,  consisting  of  a  long  tube,  half 
open  in  the  lower  half  and  provided  with  a  point  at  the  lower  end. 
This  admits  of  taking  a  sample  from  the  middle  of  the  cask 
^thout  an  admixture  of  the  upper  layers. 

The  bleaching-powder  samples  must  be  at  once  divided  among 
ti  suitable  number  of  small  bottles,  which  are  weU  corked  and 
sealed ;  they  must  be  kept  in  a  cool  and  dark  place,  and  must  be 
employed  for  testing  without  unnecessary  delay. 

For  many  purposes  the  following  table  of  the  specific  gravities 
4^f  hleaching-powder  solutions^  published  by  me  in  Zsch.  f. 
angew.  Cb.  1893,  p.  326,  will  be  useful.  It  was  made  with  a 
liquor  prepared  from  good  commercial  bleaching-powder  and 
composed  as  follows  : — 

Available  chlorine  72*  1 7  grams  per  litre. 

Chlorine  as  chloride    6'74       „  „ 

Chlorine  as  chlorate    0"13       „  „ 

Lime 65*53       „  „ 

corresponding  to : 

CaOCl,  12909  grams  per  litre. 

CaClj 10-54      „  „ 

CaCljOe 0-38       „  „ 

CaOaH, 4*21       „  „ 

This  analysis  does  not  constitute  an  ideal  bleaching-powder 
fresh  from  the  works,  but  a  good  commercial  article,  as  found 
in  trade,  and  is  therefore  more  practically  useful.  It  is^  of  coursCi 
not  applicable  to  old  stuff,  containing  much  excess  of  calcium 
chloride  and  chlorate. 
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ei 

Arail.  chlorine 

Spec.  grav. 
at  15^  0. 

1 

Arail.  chlorine 

Spec.  grav. 
at  16^  C. 

grams 
per  Litre. 

grams 
per  litre. 

1-1155 

71-79 

1-0600 

36-81 

11160 

71-50 

1-0550 

32-68 

1-1105 

68-40         ' 

1-0500 

29-60 

1-1100 

6800 

1-0460 

26^2 

11060 

65-33         : 

10400 

23-76 

11050 

64-50 

1-0350 

20-44 

1-1000 

61-60 

1-0300 

17-36 

1-0960 

68-40 

1-0250 

14-47 

1-0900 

65-18 

1-0-200 

11-41 

1-0860 

62-27         i 

10150 

8-41 

1-0800 

49-96 

10100 

6-58 

10760 

45-70 

1-0050 

2-71         j 

1-0700 

42-31 

10025 

1-40 

1-0650 

3910         [ 

1 

10000 

trace. 

The  decrease  of  available  chlorine  on  keeping  solutions  has  been, 
examined  by  Lunge  and  Landolt  (Chem.  Ind.  1885^  p.  343). 
When  kept  out  of  contact  with  air  and  in  the  dark^  the  titre 
of  the  solution  had  not  perceptibly  decreased  after  24  days^  and 
yery  slightly  so  after  33  days.  When  kept  open  in  the  dark  it 
lost  nothing  up  to  12  days,  and  about  ^  of  its  strength  after  33 
days.  But  light  has  a  powerful  action.  The  titre  of  a  solution 
kept  in  a  stoppered  bottle  in  diffused  daylight  decreased  from  day 
to  day^  and  after  33  days  did  not  amount  to  much  over  one-fourth 
of  the  original  strength.  Observations  on  the  stability  of  solid 
bleaching-powder  are  given  in  the  nezt  chapter. 

Complete  Analysis  of  Bleaching^Chlorine  Compounds. 

This  embraces  estimations  of  the  available  chlorine,  the  chlorine 
present  as  chloride  and  chlorate,  the  carbonic  acid  and  the  bases. 

The  most  convenient  method  for  estimating  the  chloride  is  that 
which  I  have  indicated  (p.  399).  The  liquid  remaining  from 
Penot's  method,  in  which  the  available  chlorine  has  been  reduced 
to  chloride,  is  acidulated  with  nitric  acid,  and  the  chlorides  are 
gravimetrically  estimated  by  silver  nitrate ;  or  else,  without 
acidulating,  volumetrically,  in  which  case  the  silver  arseniate 
acts  in  the  same  way  as  the  silver  chromate  prescribed  by  Mohr^ 
but  with  much  greater  delicacy.  On  subtracting  the  available 
chlorine  from  the  total  chloride,  we  find  the  quantity  of  the 
original  chloride. 
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Chlorate  is  found  by  estimating  together  the  available  chlorine 
and  the  chlorate  by  the  ferrous  sulphate  method  described  in 
Chapter  XXII.^  and  subtracting  the  former  from  the  sum. 

Lime  is  usually  estimated  by  boiling  the  sample  with  HCl  and 
precipitating  the  filtrate  with  NHs  and  ammonium  oxalate. 

For  estimating  free  and  carbonated  alkali  in  Eau  de  Javel^ 
Blattner  (Bull.  Soc.  Chim.  du  Nord,  *1891,  i.  p.  116)  has  given 
the  following  method : — Fhenolphthalein  retains  its  pink  colour  in 
a  solution  of  hypochlorites  so  long  as  any  caustic  soda  is  present, 
l)ut  when  the  caustic  soda  is  exhausted  its  colour  is  destroyed  by 
free  chlorine^  and  is  not  restored  by  adding  alkali :  10  c.  c.  of  the 
Eau  de  Javel  is  put  in  a  250  c.  c.  flask,  150  c.  c.  of  boiled  and 
cooled  distilled  water  and  a  few  drops  of  a  1  per  cent,  alcoholic 
pHenolphthalein  solution  are  added^  and  standard  hydrochloric 
or  sulphuric  acid  is  run  in.  If^  after  adding  a  fresh  drop  of 
phenolphthalein^  the  colour  is  removed  by  5  seconds'  shaking, 
the  titration  is  finished^  and  each  c.  c.  of  standard  acid  employed 
shows  0-031  gram  Na^O  or  0-040  gram  NaOH  present  as  caustic 
soda.  Total  alkali^  i.  e.  carbonate  and  caustic^  is  found  in 
another  sample  by  boiling  with  ammonia  to  decompose  the  hypo- 
chlorite^ expelling  all  ammonia  by  further  boiling,  and  titrating 
with  standard  acid. 
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CHAPTER  XX. 

THE  MANUFACTURE  OF  BLEACHING-POWDEiL 

Lime. 

The  lime  intended  for  manufacturing  bleach  must  be  of  special 
purity;  on  this  depends  to  a  great  extent  the  possibility  of 
making  strong  and  durable  bleaching-powder.  This  means^  first, 
that  the  limestoDc  should  be  sufficiently  pure,  and  that  it  should 
be  burnt  as  well  as  possible.  Most  manufacturers,  in  order  to 
make  sure  of  the  last  point,  prefer  burning  the  lime  for  themselves. 
The  Lancashire  manufacturers  enjoy  the  advantage  of  getting, 
delivered  by  rail  to  their  works,  an  extremely  pure  and  well-burnt 
limestone  from  Buxton,  which  has  the  agreeable  property  that, 
on  slaking  it,  all  the  unbumt  portions  remain  behind  as  stony 
pieces  (yelks),  so  that  the  fine  powder  of  calcium  hydrate  is  almost 
completely  free  from  carbonate.  Most  descriptions  of  lime  do  not 
behave  in  this  way  ;  and  the  bleach-manufacturers  can  ensure 
their  sufficient  freedom  from  carbonic  acid  only  by  taking  the 
burning  in  hand  themselves. 

Limestone,  to  be  employed  for  bleach,  must  contain  very  few 
constituents  insoluble  in  acid  (clay,  sand,  &;c.),  because  otherwise 
(as  of  course  they  would  not  be  converted  into  bleach)  the  strongest 
article  could  not  be  made.  Moreover  bleach  containing  clay  settles 
imperfectly  and  very  slowly  on  being  dissolved,  and  is  on  this 
account  disliked  by  bleachers,  paper-makers,  &c.  Consumers  also 
require  a  white  article,  which  excludes  iron,  manganese,  &c. 
These  metals  are  even  said  to  impair  the  durability  of  bleach ;  but 
this  is  not  certain.  Magnesia  is  also  very  much  disliked,  because, 
it  is  said,  the  deliquescence  of  magnesium  chloride  interferes  with 
the  stability  of  bleach.  This  does  not  appear  to  have  been  certainly 
proved;  but,  for  instance,  the  magnesian  limestones  found  on  the 
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Tyne,  from  the  Coal-measures  and  the  Permian^  have  been  found 
quite  unsuitable  for  bleach-making.  On  the  other  hand,  a  dark 
<;olour  of  the  limestone,  caused  by  bituminous  matters,  is  quite 
harmless,  as  these  are  destroyed  by  the  burning.  Balard  (Rapport 
•du  Jury,  vii.  p.  49)  asserts  that  the  physical  are  even  more 
important  than  the  chemical  properties  of  limestone  in  regard  to 
its  suitability  for  bleach-making ;  according  to  him,  pure  but 
•crjrstalline  limestone  is  not  suitable,  while  another  description, 
•containing  more  than  2  per  cent,  sand  and  clay,  is  preferred  at 
Chauny.  This  assertion  is  contradicted  by  experience.  I  have 
never  made  finer  and  stronger  (39  to  40  per  cent.)  bleach  than 
with  a  cargo  of  distinctly  crystalline  limestone  from  the  north  of 
Ireland  which  I  got  by  chance.  At  Chauny  (cited  by  Balard),  at 
Any  rate  at  that  time,  as  a  rule  the  bleach  made  contained  not  35| 
but  only  80  to  32  per  cent. 

It  cannot,  however,  be  denied  that  the  physical  properties  of 
the  limestone,  or  rather  of  the  lime  made  from  it,  have  a  good 
•deal  to  do  with  the  quality  of  the  bleach.  '^  Fat  *'  lime,  which 
slakes  quickly  and  yields  a  fine,  light  powder,  absorbs  chlorine 
much  more  quickly  than  poor  lime  which  on  slaking  yields  a 
gritty  powder,  even  when  analysis  does  not  show  any  difference 
between  [them.  Bleach  from  fat  lime  also  keeps  much  better 
than  that  from  poor  lime.  The  latter  contains  much  more 
chlorate,  and  is  more  ready  to  decompose  with  evolution  of  gas, 
but  the  former  more  easily  attracts  moisture  from  the  air  and 
^becomes  pasty  (Wright,  Chem.  News,  xvi.  p.  126). 

On  the  Tyne  the  usual  material  for  bleach-making  is  a  hard 
-chalk  closely  resembling  limestone,  from  the  lower  reaches  of  the 
Seine,  whence  it  is  brought  by  colliers  as  ballast,  and  is  known  as 
*'  French  cliff.''  It  is  very  pure  calcium  carbonate,  contains  next 
to  no  iron,  and  only  fractions  of  1  per  cent,  of  constituents 
insoluble  in  hydrochloric  acid.  It  is  also  tested  by  scraping  with 
A  knife,  when  it  should  yield  a  floury,  not  a  gritty  powder.  The 
bleach  made  from  it  is  much  more  bulky  than  that  from  Buxton 
or  Irish  limestone ;  so  that  about  ^  more  casks  are  required  for 
it.  The  solutions  of  bleach  made  from  cliff  do  not  settle  so 
^quickly  as  those  of  limestone  bleach ;  bleachers  usually  prefer  the 
latter,  paper-makers  the  former. 

The  burtiing  of  the  limestone  may  take  place  in  any  lime-kiln,  so 
long  as  the  lime  cannot  be  contaminated  by  the  ashes  of  the  f  uel^ 
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or  as  the  more  impure  portions  are  kept  out  and  used  for  mortar 
&c.  The  most  rational  are  the  circular  or  other  continuous  fur- 
naces, which  are  now  also  in  use  at  Buxton,  But  a  bleach  manu- 
facturer cannot  possibly  manage  with  furnaces  turning  out  such 

Ilg.  139. 


large  quantities;  he  must  therefore  build  kilns  of  another  kind 
Those  employed  on  the  Tyne  are  of  the  shape  of  a  horizontal  rever- 
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beratoiy  furnace,  as  sliowa  in  figa.  139-142.  Fig.  139  is  a  plan 
on  the  line  AB  of  the  sectional  elevation,  fig.  140;  the  latter  is 
taken  on  the  line  C  D  E  F  of  the  plan.  Fig.  141  ia  a  front  eleva- 
tion, tig.  142  a  back  elevation.     In  front  there  is  a  Ui^e  overarched 
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opening,  a,  for  charging  and  discharging  the  kiln ;  after  putting 
in  the  limestone,  it  is  closed  by  a  temporary  wall,  in  which  the 
three  stoke-  and  peep-holes  seen  in  fig.  142  are  left.  Besides, 
there  are  the  small  fireplaces  6  and  c  with  grates  :  sometimes  the 
latter  are  wanting,  and  the  coals  are  heaped  up  behind  the  stoke- 
hole; hut  that  is  not  a  good  arraiigement.     In  the  semicircular  arcb 
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which  forms  the  kiln-roof^  one  or  two  circular  holes,  14  inches 
wide,  are  made,  but  covered  up  during  the  burning ;  they  serve  for 
more  quickly  cooling  and  airing  the  kiln.  Both  the  arch  and  the 
lining  of  the  kiln  all  over  consist  of  the  best  fire-bricks ;  and  the 
kiln  is  well  braced  with  uprights  and  tie-rods.  Three  snore-holes 
^}  ^ff>  e<^h  of  them  connected  with  a  small  shaft  and  damper, 
«arry  away  the  products  of  combustion ;  only  below  ground  the 
three  shafts  combine  to  form  a  main  flue  leading  to  a  good  chimney. 
In  this  way  the  draught  can  be  regulated  equally  all  over  the 
kiln. 

This  kiln  is  intended  for  bituminous  coal.  For  sandy  coal  or 
brown  coal  a  gas-producer  is  to  be  preferred  for  a  calcining-fumace, 
anless  the  horizontal  kiln  be  replaced  by  an  upright  one. 

The  limestone  is  put  in  thus  :  from  the  largest  lumps  (12  to  15 
inches  wide)  three  flues  are  made,  corresponding  to  the  stoke-holes 
and  snore-holes ;  they  are  covered  up  with  larger  blocks,  these 
with  smaller  lumps,  and  the  smallest  (down  to  the  size  of  a  fist) 
on  the  top,  the  kiln  being  filled  right  up  to  the  roof.  Of  course 
the  commencement  is  made  at  the  back  end,  and  a  section  of  an 
arm^s  length  finished  right  up  to  the  roof  before  the  next  one  is 
l)egun.  At  last  the  door  is  walled  up  as  drawn,  leaving  the  draught- 
and  stoke-holes,  which  are  closed  with  loose  iron  plates.  The  firing 
as  now  begun  from  all  three  stoke-holes,  and  is  continued  till  the 
whole  contents  of  the  kiln  have  been  burnt  to  quicklime,  but  not 
burnt  '^  dead.''  This  point  is  reached  when  a  look  through  the 
peep-hole  shows  that  the  kiln  is  white-hot  up  to  the  roof,  and  that 
the  chaise  has  sufficiently  settled  down,  owing  to  the  diminution 
of  volume  of  the  limestone  in  being  converted  into  quicklime.  The 
«xact  amount  of  this  cannot  be  stated,  as  it  depends  upon  the  size 
find  shape  of  the  kiln  and  the  nature  of  the  limestone.  Although 
regard  for  economy  of  fuel  might  seem  to  point  to  making  the  kiln 
very  long,  this  is  not  feasible,  because  the  bad  portions  would  be 
burnt  too  late,  and  the  first  portions  would  consequently  be  already 
burnt  dead.  The  dimensions  as  drawn  are  proved  to  be  right  by 
experience.  The  lime  is  well  burnt  when  it  contains  less  than 
jt  per  cent.  CO3 ;  if  the  latter  exceeds  3  per  cent.,  the  lime  should 
be  rejected  altogether  for  bleach-making. 

A  kiln  of  the  size  represented  holds  about  10  tons  of  limestone, 
and  requires  about  5  tons  of  coals  for  a  burning.  With  good  coals 
iuid  careful  teasing,  the  burning  lasts  four  days  and  nights,  some- 
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times  fiye.  At  the  end  all  the  openings  are  plastered  up^  also  the 
dampers,  lest  the  kiln  should  crack  by  cooling  too  quickly ;  after 
24  hours  the  dampers,  ash-pits,  and  top-holes  are  opened,  then  also- 
the  temporary  front  wall;  and  as  soon  as  the  kiln  has  cooled  down 
so  that  it  can  be  entered,  the  lime  is  taken  out.  If,  however,  for 
any  reason  the  lime  is  not  required  at  once,  but  is  to  be  kept  for 
some  time,  the  openings  are  left  plastered  up  as  well  as  possible  :^ 
the  quicklime  is  then  found  perfectly  good  even  after  months. 

Interesting  experiments  on  the  temperatures  at  which,  on  the 
one  hand,  CaO  absorbs  COj,  and,  on  the  other  hand,  CaCOs  is- 
dissociated,  have  been  made  by  Birnbaum  and  Mahn  (Ber.  deut, 
chem.  Ges.  xii.  p.  1547). 

Slaking  the  quicklime  is  very  simple  work.  The  lime  is  spread 
on  a  brick  floor  (protected  from  rain)  to  a  thickness  of  12  or  15 
inches,  and  water  sprinkled  over  it  by  a  watering-pot  or  a  rose 
attached  to  a  water-hose,  till  the  formation  of  calcium  hydrate  is 
indicated  by  the  well-known  appearance  of  heating,  emission  of 
steam,  and  swelling-up  of  the  lime.  Every  portion  of  the  lime 
must  be  turned  over  with  a  spade,  in  order  to  promote  its  slaking,. 
and  a  little  water  added  from  time  to  time,  till  at  last  every  thing 
that  can  be  slaked  at  all  has  fallen  to  a  light  fine  powder.  The 
workmen  protect  their  mouths  and  noses  during  this  operation,  and 
during  the  sifting  of  the  lime  and  charging  of  the  chambers,  by 
'^muzzles ''  such  as  will  be  described  hereafter.  The  large  unslaked 
pieces  are  picked  out  and  thrown  away,  if  they  are  pebbles  or 
flints ;  and  any  pieces  of  unburnt  limestone  or  lime  burnt  dead  can 
be  ground  and  employed  in  the  soda- mixture  or  for  neutralizing 
the  manganese-liquors  in  the  Weldon  process ;  but  they  may  not 
after  grinding  be  mixed  with  the  sifted  calcium  hydrate,  as  stated 
by  some  authors. 

The  calcium  hydrate  must  in  any  case  be  sifted  through  brass^ 
or  iron  wire-gauze  or  hair  sieves.  At  some  works  sieves  with  12 
holes,  at  others  sieves  with  25  holes  to  the  linear  inch  are  used. 
It  is  found  that  the  finer  the  lime  is  sifted  the  better  it  absorbs  the 
chlorine.  The  sieves,  cylindrical  or  hexagonal,  lying  in  a  closed 
box  in  an  inclined  position,  the  hydrate  is  put  in  at  the  higher  end> 
and  at  the  other  end  only  the  coarse  particles  are  brouglit  out  by 
the  sieves,  all  the  fine  dust  now  being  found  in  the  box.  The  coarse 
parts  (lime  riddlings)  are  employed  for  mortar,  &c.  At  larger 
works  the  turning  of  the  sieve  is  done  by  a  small  steam-engine. 


446  THE  CHLORINK  INDUSTRY. 

which  also  drives  a  revolving  brush  inside  it ;  thus  the  powder  is 
pressed  against  the  wires^  and  there  is  much  less  waste  in  the  shape 
of^riddlings/' 

Mechanical  lime-slaking  and  sifting  apparatus  have  been  de- 
scribed by  Wackemie  and  Rousseau  (Fischer's   Jahresb.    1883, 
p.  703) ;  Pfeiffer  (Engl.  pat.  43, 1888) ;  Heyer  (Germ.  pat.  46728). 
The  sifted  lime  is  either  kept  in  large  wooden  boxes  or  in  small 
casks,  arranged  for  easy  carriage  to  the  chambers  (old  petroleum- 
casks).      It  has  been  found  that  lime  freshly  slaked  is  not  so 
suitable  for  bleach-making  as  when  it  has  been  lying  for  a  few  days. 
This  long-known  fact  has  been  sometimes  attributed  to   some 
mysterious  change,  or  even  to  the  absorption  of  a  little  carbonic 
acid  and  moisture  from  the  air — which  is  quite  erroneous ;  such 
absorption  should,  on   the   contrary,  be  prevented.      The   true 
cause  is  simply  that  the  lime  requires  some  little  time  to  be  slaked 
completely  through  and  to  cool  down  entirely — the  latter  being  a 
slow  process,  owing  to  the  loose,  porous  state  of  calcium  hydrate 
and  its  being  a  bad  conductor  of  heat.     If  some  manufacturers,  as 
is  stated,  avoid  the  action  of  sunshine  on  the  lime,  this  must  be  for 
the  same  reason,  viz.  because  the  heat  of  the  sun  retards  the  cooling. 
It  is  a  perfectly  established  fact  that  the  lime  from  which  bleach 
is  to  be  made  should  not  be  dry  Ca(0H)2,  but  should  contain  some 
water  in  excess,  although  it  has  been  proved,  contrary  to  previous 
assertions,  that  even  perfectly  dry  calcium  hydrate  absorbs  chlorine 
(comp.  p.  424) .     The  former  statements  concerning  the  quantity 
of  water  required  over  and  above  that  necessary  for  the  formation 
of  hydrate  (23*5  per  cent.)  were  very  uncertain.     By  the  investi- 
gations made  by  myself  together  with  Schappi,it  has  been  ascertained 
that  the  best  amount  of  excess  of  water,  when  working  with  abso- 
lutely dry  chlorine,  is  4  per  cent. ;  with  damp  chlorine,  as  it  is 
always  employed  in  manufacturing  practice,  there  must  be  only 
about  2  per  cent,  of  water  over  and  above  the  calcium  hydrate.     The 
special  rules  followed  at  Aussig  have  been  already  quoted  on  p.  424. 
A  larger  proportion  of  water  favours  the  absorption  of  chlorine ; 
but  then  close  clumps  are  formed  which  enclose  much  undecom- 
posed  lime.    There  are  lumps  found  even  in  perfectly  good  and 
strong  bleach ;  but  these  are  dry,  easily  broken,  and  porous,  and 
changed  into  bleach  right  to  the  core  ;  they  cannot  be  confounded 
with  the  damp  lumps  formed  by  damp  lime  and  especially  by 
moist  chlorine.    Under  no  circumstances  should  any  particles  of 
unslaked  lime  get  into  the  bleach-chambers. 
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The  Bleaching-powder  Chambers, 

The  action  of  the  chlorine  (evolved  by  any  sort  of  process)  upon 
the  lime  takes  place^  of  course,  in  very  different  apparatus^  accord- 
ing to  whether  dry  or  liquid  bleach  is  to  be  made — ^that  is,  whether 
calcium  hydrate  or  milk  of  lime  is  employed.  We  shall  first  treat 
•of  the  former  and  much  more  important  kind. 

The  lime  is  treated  in  the  so-called  bleaching-powder  chambers 
or  *'  boxes/'  each  of  which  consists  of  a  closed  space  built  of  a 
.material  resisting  the  action  of  chlorine  gas^  but  which  widely  differ 
as  to  their  sizes^  their  inner  arrangements^  and  the  material  they 
are  formed  of.  During  the  first  period  the  chambers  were  made  of 
^ood,  very  tightly  joined  together  in  double  layers,  and  coated  with 
.a  thick  paint  of  asphalt.  Such  wooden  chambers  cannot  be  kept 
tight  if  the  pressure  of  gas  gets  beyond  a  very  moderate  amount, 
■and  hence  are  useless  for  strong  bleach.  Other  chambers  (now  very 
much  more  rarely  found  than  formerly)  are  made  of  tarred  sand- 
stone flags  or  slates,  the  flags  being  joined  together  by  rabbets  and 
tar  and  fireclay.  These  chambers  are  gas-tight  enough^  if  properly 
built  and  standing  on  a  substantial  foundation  (which  prevents 
-settling)  I  but  they  are  unsuited  for  large  works,  because  they  are 
Tery  costly,  and  can  only  be  made  of  a  moderate  size,  which  also 
involves  much  labour.  They  can  be  made  larger,  if  the  top  is  not 
made  of  stone  flags,  but  of  tarred  wood ;  but  this  plan  again  waives 
the  advantage  of  a  substantial  erection.  In  order  to  better  utilize 
the  expensive  stone  chambers,  they  are  mostly  provided  with  stone 
shelves  (sometimes,  but  very  wrongly,  with  wooden  shelves,  from 
which  splinters  get  into  the  bleach),  so  that  a  larger  quantity 
of  lime  can  be  got  into  them.  This  kind  of  erection  existed  at 
many  English  works  a  number  of  years  ago;  but  it  has  been  given 
up  almost  entirely,  since  it  has  been  found  that  even  in  a  chamber 
•6  feet  high  the  lime  at  the  bottom  absorbs  the  whole  of  the  chlorine ; 
the  latter,  being  much  heavier  than  air,  always  tends  to  sink 
down  when  the  layers  below  have  become  poorer  in  chlorine  by 
absorption.  The  shelves  thus  only  cause  much  complication,  and 
especially  much  labour,  as  they  are  only  accessible  sideways ;  and 
they  compel  the  employment  of  small  and  consequently  expensive 
chambers.  Moreover  the  contents  of  chambers  with  shelves  easily 
become  heated,  which  prevents  the  turning-out  of  strong  bleach. 

Such  chambers  were  formerly  built  in  France  in  sets  of  six  or 
eight,  each  of  them  consisting  of  a  brick  shell  of  8  X  8  feet  internal 
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width,  and  from  8  to  10  feet  high,  with  four  or  five  shelves  of 
stone  slabs,  3  inches  thick,  which  by  suitable  openings  at  opposite 
sides  caused  the  chlorine  gas  to  travel  in  a  zigzag  manner.  The  lime 
(about  6  cwt.  for  each  chamber)  was  put  upon  the  shelves  4  inches 
thick,  and  the  chlorine  was  slowly  passed  in  for  36  to  48  hours, 
after  which  the  chamber  was  left  standing  for  another  24  hours, 
so  that  each  chamber  could  be  furnished  twice  a  week. 

At  all  (or  at  least  nearly  all)  large  works  the  stone  or  wood 
chambers  with  shelves  have  been  given  up  long  since  (apart  from 
the  Deacon  process),  and  have  been  replaced  by  large  chambers, 
which  permit  working  inside  them,  and  finishing  larger  quantities 
of  bleach  in  one  operation.  Such  chambers  are  always  a  little 
above  a  man^s  height,  say  6^  feet.  It  is  sometimes  stated  that  they 
need  be  only  5  feet  high,  so  that  a  man  may  work  in  them  in  a 
bent  position :  but  this  would  be  most  reprehensible  economy;  for 
the  bleach-chamber  work,  as  it  is,  is  so  laborious  and  irksome  for 
the  men,  that  it  is  out  of  the  question  to  make  it  even  worse  by 
compelling  them  to  work  in  a  bent  position.  Even  reasons  of  self* 
interest^  let  alone  the  claims  of  humanity,  forbid  this ;  for  the  work 
cannot  be  properly  done  in  that  position.  Still  less  can  we  approve 
of  making  large  leaden  chambers  only  3  feet  3  inches  high  (as  I 
have  myself  seen  them  in  one  place) ;  for  in  these  the  work  can 
only  be  done  from  without. 

The  area  of  the  chambers  is  now  much  larger  than  formerly. 
Chambers  are  made  33  feet  wide  and  66,  80,  or  even  100  feet  long — 
that  is,  covering  as  large  a  ground-space  as  vitriol-chambers.  It  i» 
said  that  large  chambers  work  more  regularly  than  small  ones ;  at 
any  rate  they  cause  less  labour  and  permit  a  more  complete  utili- 
zation of  the  chlorine  gas.  For  turning  out  one  ton  of  bleach  per 
week  very  different  areas  are  employed  at  difierent  works.  Accord- 
ing to  a  table^  given  in  the  19th  Alkali  Inspectors'  Report,  p.  29,  the 
chamber  area  in  the  Lancashire  district  varied  between  134  and 
398  superficial  feet,  and  averaged  181  superficial  feet.  But  as  this 
embraced  some  notoriously  inadequate  cases,  the  21st  Report 
(p.  12)  recommends  a  minimum  of  200  superficial  feet  per  ton 
per  week  (of  six  days).  This  suits  not  merely  the  case  where 
thicker  (4-inch)  layers  of  lime  are  employed,  which  necessitates 
turning  over  and  gassing  several  times,  but  also  the  case  where  the 
bleaching-powder  is  finished  by  one  gassing,  by  making  the  layer 
of  Ume  only  1  or  2  inches  thick. 
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As  for  the  material,  chambers  of  a  medinm  size  are  made  of 
brickwork,  larger  oDes  of  lead  or  sometimes  of  cast-iron.  A  brick 
chamber,  such  as  was  frequently  met  with  formerly,  is  shown  in 
front  elevation  in  Sg.  143.     It  is  au  elliptical  arch,  of  13  feet  span 

Fig.  143. 


and  6  feet  6  inches  high  in  the  centre,  only  4^  inches  thick,  set 
with  good  Portland  cement.  It  can  be  constructed  of  good,  well- 
moulded,  ma<!hine-made  common  bricks,  since  the  interior  of  the 
chambers  mnst  in  any  case  be  covered  with  a  coating  of  cement  aod 
painted  with  tar  several  times.  Small  abntments,  as  shown  in  the 
figare,  add  to  the  stability  of  the  arch,  which  with  good  cement  is 
very  considerable.  The  two  gable  walls  are  put  in  last ;  they  must 
be  fitted  in  very  tightly,  lest  they  become  detached  from  the  arch 
by  settling  down.  In  each  gable-end  a  stone  door-frame  is  put, 
provided  with  a  rabbet  to  receive  the  door.  This  is  sometimes  made 
of  two  courses  of  boards  crossing  each  other,  with  tarred  canvas 
between,  and  tarred  outside ;  but  such  wooden  doors,  even  if  well 
made,  do  not  keep  gas-tight  very  long,  unless  they  are  internally 
coated  with  sheet  lead,  wbich  is  the  usual  course  taken  on  the 
Continent.  Another  plan  is  to  employ  iron  doors  of  ^-inch 
boiler-plate,  protected  from  the  action  of  chlorine  by  frequently 
repeated  painting  with  oxide-of-iron  paint.  The  doors  are 
fastened,  after  plastering  the  rabbets  with  lime-putty,  each  by  two 
horlsontal  iron  bars,  the  ends  of  which  pass  through  eyes  let  into 
the  wall ;  they  are  pressed  in  the  centre  against  the  door,  and 
press  this  against  the  rabbet.  Of  course  any  other  way  of 
VOL.  III.  2o 
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fastening  the  doors  may  be  chosen ;  it  is  usual  to  hang  them  on 
bands.  A  very  conrenient  plan  is  also  to  employ  small  cranes  by 
means  of  which  one  man  can  easily  handle  a  heavy  door.  Since 
in  this  case  their  weight  is  taken  off,  they  may  even  be  made 
of  cast  iron.  Each  door  has  a  hole  about  8  inches  square  to 
receive  a  glass  pane,  on  the  top  a  1-inch  hole  for  letting  out  the 
air,  and  two  handles. 

The  chamber-floors  are  constructed  in  various  ways.  Very 
durable,  but  very  expensive  and  rarely  applied,  is  a  pavement  of 
large  stone  flags ;  brick  pavements,  even  of  fire-bricks,  very  soon 
become  uneven  and  make  the  bleach  impure.  Floors  made  of 
deals  of  various  descriptions  have  been  tried  frequently,  but  have 
always  failed ;  so  have  floors  of  ordinary  cement  concrete.  But  the 
best  results  have  been  obtained  by  asphalt  concrete,  in  applying 
which  the  same  mixtures  and  apparatus  are  employed  as  in  as- 
phalting public  streets.  First  a  bottom  of  broken  bricks  or  stones 
of  the  size  of  road-metal  is  made ;  upon  this  the  usual  mixture  of 
asphalt  and  sand  is  cast  and  perfectly  levelled  by  hot  irons.  Thus 
one  piece  of  the  floor  is  finished  after  the  other ;  and  the  butt  joints 
are  united  by  partial  melting. 

Whilst,  for  obvious  reasons,  brick  chambers  cannot  be  made 
much  wider  than  the  above-mentioned,  nonsuch  limit  exists  for 
lead  or  iron  chambers.  Chambers  made  of  cast-iron  plates,  joined 
by  flanges  and  screw-bolts,  were  at  one  time  the  fashion  in  Lanca- 
shire. A  good  coat  or  two  of  oxide-of-iron  paint  protects  them 
very  well  from  chlorine ;  and  it  was  expected  that  they  would 
last  almost  for  ever.  But  they  went  again  out  of  favour, 
especially  because,  in  spite  of  all  painting,  the  bleach  is  always 
stained  yellow  where  it  comes  near  the  sides.  Elsewhere  generally 
lead  chambers  are  employed,  made  of  5-  or  6-lb.  lead,  similarly 
to  vitriol-chambers,  up  to  100  feet  length  and  33  feet  width. 
Such  a  chamber,  cut  right  through,  is  shown  in  fig.  144  in 
isometrical  view. 

On  a  properly  levelled  place  a  timber  framework  of  sole-trees 
and  crown-trees,  a,  and  tenoned-in  uprights,  b,  is  made.  To  this 
are  fastened  sheets  of  lead  by  turning  their  upper  margin  round 
the  crown-tree,  nailing  them  to  this  and  by  means  of  straps  to  the 
uprights.  At  the  bottom  they  reach  further  down  than  the  floor, 
and  are  turned  inwards  6  or  12  inches  and  nailed  against  the  sole- 
tree.    The  lead  top  is  hung  from  joists  by  means  of  straps,  exactly 
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like  a  vitriol-cbamber.  In  the  case  of  very  wide  chambers  (of  30 
feet  and  upwards),  where  the  top  joists  would  have  too  great  a 
span,  there  is  a  middle  row  of  iron  columns  placed  inside  the 
chamber,  carrying  a  longitudinal  girder;  all  iron  and  wood  is 

Fig.  144. 


Fig.  145. 


covered  with  lead.     The  asphalt  bottom  is  made  last,  exactly  as 

described  above  for  brick  chambers ;  and  in  order  to  keep  the  joint 

round  the  edges  tight   (which  is  always  facilitated  by  the  lead 

reaching  so  far  inwards),  upright  boards,  c,  about  10  inches  higti, 

are  placed  all  round  the  chamber,  2  inches  away 

from  the  sides,  and  the  space  between  this  and  '°' 

the  lead  is  tilled  with  melted  asphalt,  forming  one 

mass  with  the  floor  itself.     This  is  shown  in  detail 

in  fig.  145.     A  more  expensive  plan,  but  cheapest 

in  the  end,  on  acount  of  avoiding  all  repairs,  is 

this :  to  cover  the  whole  floor  with  a  sheet  of  lead, 

which  is  burned  to  the  sides  of  the  chamber  and  is  covered  with 

stone  slabs,  which  are  put  in  dry  but  close  together,  a  thin  layer 

of  sand  having  been  first  put  on  the  lead. 

The  doors  of  lead  chambers  are  made  of  iron,  or  wood  covered 
with  lead.justlike  those  of  brick  chambers  (p.  449).  Both  iron  and 
lead  receive  three  coats  of  oxide-of-iron  paint.  If  the  chambers  are 
in  the  open  air,  one  side  must  be  made  higher  than  the  other,  so 
that  the  rain  can  run  away  in  gutters  made  for  that  purpose ;  but 
the  space  between  the  chambers  must  be  roofed  in,  so  that  they 
can  be  charged  or  discharged  without  any  interruption  arising 
from  the  weather.  The  plan  of  placing  the  chambers  in  the  open 
tur  is,  however,  not  to  be  recommended,  and  on  the  Continent, 
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where  the  chauges  of  temperature  are  greater,  it  is  altogether 
impracticable. 

Leaden  or  iron  chambers  have  this  advantage  over  brick  or 
stone  chambers,  apart  from  their  larger  size,  that  they  better 
carry  off  the  heat  generated  in  the  formation  of  bleaching-powder, 
and  thus  accelerate  the  work  without  the  danger  of  spoiling  the 
bleach  by  overheating. 

Bleach -chambers  are  usually  placed  level  with  the  ground ;  bnt 
frequently  they  rest  on  pillars,  with  longitudinal  sleepers,  joists, 
and  flooring,  just  like  vitriol-chambers,  leaving  an  open  space  of 
10  feet  high  beneath.  This  space  may  be  used  for  storing  bleach 
in  casks,  or  lime  &c. ;  but  its  principal  use  is  to  avoid  the  most 
unpleasant  work  in  this  manufacture,  packing  into  the  casks  inside 
the  chamber.  In  this  case  there  are  several  trap-doors  in  the 
chamber-floor,  each  with  a  wooden  hopper  attached  underneath, 
from  which  a  canvas  tube  hangs-down,  going  straight  iuto  a  cask 


Fig.  146. 
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placed  below ;  through  these  tubes  the  finished  bleach  is  pushed 
jdowu  into  the  casks  by  means  of  wooden  rakes.  (Sometimes 
stuffing-boxes  are  provided,  in  order  to  employ  such  rakes  for 
turning  over  the  lime  in  the  absorption -process  itself ;  but  these 
seem  now  to  have  been  abandoned  entirely.) 

The  arrangement  above  described,  which  can  be  highly 
recommended,  is  shown  in  fig.  146.  It  has  been  noticed  that 
bleach  packed  in  this  way  shows  ^  to  1  per  cent,  leas  than  that 
packed  inside  the  chambers ;  but  it  loses  so  much  the  less  on  lying. 
This  can  be  explained  thus : — The  larger  motion  of  sliding  down 
into  the  casks  only  causes  the  loss  of  the  most  easily  decomposed 
portion  or  of  mechanically  absorbed  chlorine  gas. 

All  bleach-chambers  must  have  some  arrangement  for  introducing 
the  gas.  This  is  always  in  the  roof,  and  generally  consists  of  a 
water-lute,  into  which  a  movable  branch  pipe  can  be  put  from  a 
water-lute  of  the  main  gas-pipe.  There  ought  also  to  be  separate 
connecting-pipes  with  water-lutes  for  conveying  the  gas  from  one 
chamber  to  another.  For  regular  work  at  least  three  chambers 
ought  to  form  a  set— the  fresh  still-gas  passing  into  a  nearly 
finished  chamber,  the  excess-gas  into  a  freshly  charged  chamber, 
and,  if  there  arc  four  chambers  in  the  set,  again  into  the  third 
chamber.  One  chamber  is  always  cut  off — that  in  which  the 
finished  product  is  being  packed,  or  which  is  in  course  of  being 
recharged.  Neill  and  Smith  proposed  an  exhauster,  which  was  to 
convey  the  gas  from  one  chamber  to  the  other;  but  this  is  quite 
unnecessary. 

Sometimes  the  single  chambers  are  combined  with  each  other 
in  such  manner  that  the  entrance-openings  are  in  the  top  of  the 
chamber  at  one  end,  and  the  exits  near  the  bottom  at  the  other 
end.  This  seems  to  compel  the  gas  to  take  the  most  advantageous 
course  through  the  chamber,  viz.  the  diagonal.  But  this  arrange- 
ment, although  recommended  in  Fremy^s  '  Encyclopedic,^  vol.  i.  2, 
p.  75,  is  quite  wrong.  The  chlorine  does  not  drive  the  air 
before  it  in  the  direction  shown  by  a  diagonal  line,  but  it 
sinks  down  to  the  bottom  immediately  after  eutering,  as  can  be 
clearly  observed  through  the  ''  sights,^'  partly  on  account  of  its 
high  specific  gravity,  partly  in  consequence  of  being  absorbed 
by  the  lime  and  thus  always  drawn  downwards.  Thus  the  air  is 
not  forced  out  diagonally,  but,  on  the  contrary,  towards  the 
top  of  the  far  end.    If  the  gas  near  the  far  end  is  examined. 
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tbe  upper  layers  show  least  chlorine.  Therefore  the  exit*openings 
should  also  be  placed  in  the  chamber  top,  which  is  also  far  more 
convenient  for  arranging  the  gas-mains  and  the  hydraulic  lutes. 
Fig.  147  shows  how  the  gas-mains  can  be  arranged  in  a  simple 
manner,  so  that  the  gas  can  be  conducted  through  the  chambers 
A,  B,  C  in  any  desired  way.  The  chlorine  arrives  from  the  stills 
by  the  pipe  D,  which  is  provided  with  a  water-lute  branch  for 
each  chamber,  a,  b,  c,  to  which  other  lutes,  d,  e,/,  correspond  in 
the  chambers.  The  functions  of  the  connecting  pipes  E,  F,  G,  H, 
placed  on  top  of  the  chambers,  and  of  the  lutes  g  to  r,  will  be 
made  clear  by  the  following  description.  Suppose  chamber  A  to 
contain  almost  finished  bleach,  B  an  intermediate  product,  and  C 
fresh  lime,  the  work  will  proceed  as  follows  : — Lutes  b  and  c  on  the 
chlorine  main  are  closed  by  caps ;  a  is  connected  with  d  (fig.  148 
shows  how  two  lutes  are  connected  by  a  U-tube  K ;  fig.  149  the 
closing  of  a  lute  by  a  cap  L).  The  gas  issuing  from  A  travels  by 
ff9  ^>  ^}  P>  &^d  A  ^^^  chamber  B,  from  this  at  the  other  end, 
by  e,  m,  F,  n,  and  /,  into  chamber  C,  and  from  this,  now  fully 
deprived  of  chlorine,  through  %  into  the  open  air.  When  the 
contents  of  A  are  ready  for  packing,  a  is  closed,  b  is  connected  with 
tf,  in  order  to  carry  the  fresh  chlorine  into  B,  and  the  gas  now 
travels  by  A,  9,  H,  r,  t  to  C ;  from  here,  after  A  has  been  dis- 
charged and  recharged  with  fresh  lime,  by/,  n,  F,  m,  /,  E,  *,  rf, 
to  A,  and  by  g  into  the  air.  Last  of  all  the  fresh  gas  \9  first 
passed  through  c  and /into  C,  then  through  i,  r,  H,  q,  p,  6,  9>  g 
into  A,  through  d^  k,  E,  /,  e  into  B,  through  h  into  the  open  air. 

Jahne  (Dingl.  Joum.  cclxiii.  p.  387)  describes  the  work  with  a 
set  of  four  chambers,  but  the  only  interesting  point  in  his  paper 
is  that  the  chamber  charged  with  fresh  lime  is  brought  to  7  per 
cent,  available  chlorine  by  displacing  the  chlorine  from  the  finished 
chamber,  while  the  percentage  of  the  intermediate  chambers  does 
not  rise  to  any  extent  until  they  receive  fresh  chlorine  from  the 
stills. 

The  charging  of  the  chambers  with  lime  is  effected  in  the  following 
way  : — A  3-inch  or  4-inch  layer  of  hydrated  lime  is  spread  over 
the  floor  and  levelled;  deeper  layers  cannot  be  converted  into 
bleach  all  through.  In  some  places,  and  generally  in  Germany  and 
France,  the  layers  are  made  less  deep,  2  inches  or  even  1  inch ;  this 
enables  the  bleach  to  be  finished  in  one  operation,  without  turning 
over.    On  the  other  hand^  where  the  chambers  are  worked  in  sets 
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the  layers  can  be  made  deeper  (see  below) .  In  order  to  assist 
absorption^  the  surface  of  the  lime  is  ''drilled^'  into  furrows  by 
means  of  a  wooden  tooth-rake,  fig.  150.  ir     t>o 

The  lime  at  the  top  of  the  ridges  lies 
about  5  inches,  at  the  bottom  2  or  2^ 
inches  deep. 

The  doors  are  now  put  in,  and  all  joints 
plastered  with  lime-putty,  sometimes  with  the  addition  of  a  little 
salt.  Wet  clay,  which  is  occasionally  used,  is  less  cleanly.  Clay  is 
best  worked  up  with  a  solution  of  calcium  chloride  to  keep  it 
always  damp  and  prevent  the  formation  of  cracks.  It  is  also  a 
good  plan  to  paste  up  the  joints  with  paper  and  flour-paste. 

The  treatment  with  chlorine  ('*  gassing  '^)  is  of  course  different 
according  to  whether  each  chamber  is  treated  separately  (as  was 
formerly  the  universal  plan  in  England),  or  the  chambers  are 
worked  in  sets,  as  described  above,  and  as  practised  for  many 
years  past  at  a  number  of  works. 

In  the  former  case  the  chlorine-gas  is  introduced  from  the  top 
of  the  chamber,  mostly  in  the  centre,  but  a  small  air-hole  in  one 
of  the  doors  is  left  open^  about  5  feet  from  the  bottom,  and  this  is 
only  closed  when  chlorine  issues  from  it.  At  first  the  absorption 
of  chlorine  takes  place  very  rapidly,  as  can  be  observed  through 
the  glass  ^^  sights  ^^;  the  gas  entering  at  the  top  at  once  sinks  to 
the  bottom,  and  its  green  colour  vanishes  there.  If  the  air  has 
1)een  allowed  to  get  out,  there  is  little  fear  of  any  escape  of 
chlorine  at  this  stage.  But  in  time  the.  lime  is  so  far  saturated, 
at  first  superficially,  that  it  does  not  absorb  the  gas  so  greedily. 
Some  pressure  must  now  be  applied  to  arrest  the  absorption ;  and 
of  course  special  care  has  to  be  taken  to  keep  the  joints  of  the 
doors  &c.  tight ;  but,  above  everything,  the  steaming  of  the  stills, 
which  always  causes  a  greater  pressure  in  the  chambers,  must  not 
be  overdone.  Besides,  too  much  steaming  carries,  in  spite  of 
long  pipes  and  collectors,  steam  and  acid  into  the  chambers,  where 
they  do  much  harm  by  forming  calcium  chloride  and  damp 
lumps ;  the  heating  of  the  chambers  by  the  warm  gas  is  also  very 
injurious.  Steam  of  moderately  high  pressure  (say  40  to  50  lb. 
1o  the  square  inch)  is  preferable  to  weaker  steam  for  the  stills^ 
because  there  is  less  condensation  of  water  from  it. 

The  work  at  this  stage  is  very  much  facilitated  if  one  chamber 
is  kept  ready  charged  with  fresh  lime^  into  which  the  excess  of 
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gas  from  the  first  chambers  can  be  carried ;  then  there  is  much 
less  fear  of  gas  breaking  out. 

The  glass  windows  are  an  excellent  means  of  controlling  the 
process^  which  no  one  who  has  been  accustomed  to  them  would 
like  to  be  without.  When  the  chamber  becomes  very  green^  no 
more  gas  is  admitted  into  it^  and  a  few  hours  are  allowed  to 
elapse^  to  see  whether  it  still  absorbs  the  gas  contained  in  it.  If 
this  is  done  within  a  short  time^  a  little  more  gas  must  be 
admitted ;  but  if  it  takes  12  hours  or  more  before  the  chamber 
becomes  pale^  it  is  time  to  open  it. 

Usually  it  takes  24  hours  before  a  chamber  takes  up  all  the  gas 
it  can. 

The  Btyle  of  work  with  a  set  of  chambers  (p.  453)  is  from  the 
outset  easier  and  less  unpleasant  than  that  which  has  been  just 
described,  because  it  is  done  vnthont  any  pressure.  The  fresh 
gas  always  goes  into  the  chamber  which  has  been  longest  at  work ; 
the  excess  of  gas  by  itself  goes  into  the  next^  much  less  saturated 
chamber^  and  the  air  escaping  from  this  must  pass  through  a 
third  chamber  charged  with  fresh  lime^  where  the  last  of  the 
chlorine  is  absorbed^  so  that  this  chamber  can  communicate  with 
the  outer  air.  This  not  merely  avoids  an  injurious  pressure  on 
the  joints  of  the  chambers^  but  it  also  puts  much  less  strain  on 
the  lutes  of  the  stills  themselves^  where  with  the  one-chamber 
system  it  happens  not  unfrequently  that  chlorine  blows  off — one 
of  the  most  unpleasant  incidents  in  alkali- works. 

In  the  three-chamber  system  it  is  possible  to  work  with  higher 
layers^  up  to  8  inches  deep^  and  to  obtain  quite  as  strong  bleach 
as  with  the  lower  layers  in  the  one-chamber  system. 

[This  system^  already  described  in  our  first  edition  of  1880, 
vol.  iii.  p.  163,  as  the  only  rational  one,  is  mentioned  in  the  22nd 
Alkali  Report  (for  1885),  p.  8,  as. a  novel,  most  important  im- 
provement brought  out  in  a  large  English  alkali-works,  by  which 
it  had  been  rendered  possible  to  make  stronger  bleach  than  pre« 
viously,  to  lose  no  chlorine,  and  to  cause  no  nuisance.] 

The  opening  of  the  chamber-^doors  was  formerly  one  of  the 
most  awkward  operations  in  alkali-works,  by  which  an  intolerable 
nuisance  was  caused,  not  merely  within  the  factory,  but  some- 
times  at  a  distance  of  a  mile  or  two.  Where  the  chamber-space 
was  not  too  limited,  this  drawback  could  be  lessened  by  allowing 
each   finished  chamber  to  stand  over-night,   so  that  the  free 
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chlorine  could  be  absorbed  by  the  bleaching-powder  at  the  bottom ; 
but  this  was  an  uncertain  and  always  imperfect  remedy,  and  even 
then  other  measures  were  taken  at  some  works  for  reducing  the 
nuisance,  which  are  now  quite  universal. 

About  1884  the  English  Alkali  Inspectors,  on  account  of  the 
numerous  complaints  about  this  nuisance,  madeinvestigations  which 
showed  that,  for  instance  in  the  Newcastle  district,  the  air  issuing 
on  opening  the  chamber-doors  contained,  on  an  average,  12  grains 
chlorine  per  cubic  foot,  but  sometimes  up  to  100  grains,  while 
2^  grains  is  the  limit,  above  which  the  escaping  air  causes  a  con- 
siderable nuisance  even  at  a  distance.  By  an  amicable  under- 
standing with  the  manufacturers  it  was  agreed  that  2^  grains 
should  be  the  upper  limit  of  the  amount  of  chlorine  in  the 
chamber- air  before  opening  the  doors.  But  evidently  this  could 
not  be  carried  out,  for  by  an  official  circular,  dated  November 
1st,  1886  (23rd  Report,  p.  13),  a  limit  of  5  grains  per  cubic  foot 
was  established,  above  which  the  factories  were  to  be  legally 
prosecuted,  which,  however,  was  not  found  necessary  in  a  single 
instance. 

The  inspectors  test  the  chamber-air  for  chlorine  by  means 
of  a  solution  of  potassium  iodide  and  sodium  arsenite,  with 
addition  of  calcium  carbonate,  through  which  the  air  is  injected 
by  means  of  a  finger-pump,  until  the  appearance  of  a  colour 
shows  the  presence  of  more  chlorine  than  can  be  oxidized  by 
the  arsenite.  The  apparatus  employed  is  shown  in  fig.  151. 
A  is  an  india-rubber  squirt,  holding  4  ounces  (about  100  c.c.)> 
in  the  nozzle  of  which  a  small  hole,  B,  is  drilled ;  the  end  of 
this  tube,  as  well  as  a  bent  glass  tube  D  which  reaches  almost 
to  the  bottom  of  cylinder  E,  passes  through  the  cork  C.  The  lower 
end  of  D  must  be  narrowed  up  to  the  point  so  that  only  a  fine 
needle  can  be  introduced.  E  is  filled  with  the  test-solution  to  be 
described  below.  The  outer  end  of  D  is  put  into  a  hole  in  the 
chamber-side,  about  2  feet  from  the  bottom,  the  ball  A  is  squeezed 
with  the  hand  as  tightly  as  possible,  hole  B  is  closed  with  the 
finger,  and  the  pressure  on  A  is  released.  By  the  expansion  of 
the  india-rubber  ball,  the  apparatus  must  aspirate  chamber-air 
through  D  and  through  the  liquor  contained  in  E.  When  this 
operation  is  finished,  it  is  again  performed,  and  this  process  is 
repeated  until  the  liquid  in  E  shows  a  colour,  the  operator 
taking  note  of  the  number  of  charges  of  the  ball  A.    Each  charge 
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=4  ounces^    and    is   ===^^0    cubic   foot.      A  fig.  161. 

solution  indicating  2^  grains  per  cubic  foot 
with  ten  aspirations  (or  5  grains  with  five 
aspirations)  is  prepared  as  follows^  according 
to  the  22nd  Report,  p.  54^  translating  grains 
into  grams: — 0*3485  gram  arseoious  acid, 
dissolved  in  sodium  carbonate  and  rendered 
neutral  by  sulphuric  acid  ;  23  grams  potassium 
iodide;  5  grams  precipitated  calcium  car- 
bonate ;  6  to  10  drops  ammonia — the  whole 
being  diluted  in  1  litre  of  water.  For  each 
test  26  c.c.  is  used^  adding  a  little  starch- 
paste. 

Fleming  Stark  (Journ.  Soc.  Chem.  Ind. 
1885,  p.  311),  instead  oE  the  just-described 
chlorometer,  employs  an  Orsat  apparatus,  but 
any  other  gas-analytical  apparatus  may  be 
used. 

The  simplest  plan  for  avoiding  the  nuisance 
by  escaping  chlorine  is  to  put  the  chamber  ia 
communication  with  a  tall  chimney  before 
opening  the  door.  For  this  purpose  the 
chamber  is  provided  at  one  end,  a  little  above 
the  bottom,  with  a  side-tube,  ordinarily  closed,  which  can  be 
connected  by  a  leaden  or  earthenware  elbow-pipe  with  an  under- 
ground fine  leading  to  the  chimney;  at  the  same  time  the  lute 
in  the  opposite  end  of  the  chamber-roof  is  opened.  Fresh  sir 
will  enter  here,  and  push  the  gas  within  the  chamber  towards  the 
chimney.  If,  however,  the  chimney  is  not  very  tall  and  wide, 
and  does  not  carry  much  fire-gas  from  black- ash  furnaces,  &c., 
the  chlorine  gas  escaping  through  it,  although  not  causing  any 
nuisance  at  the  works  themselves,  will  do  so  at  some  distance.  In 
this  case  a  lime-tower  or  similar  contrivance  ought  to  be  inter- 
posed in  the  flue ;  this  is  troublesome,  and  does  not  yield  any 
useful  product,  but  otherwise  it  answers  the  purpose  very  well. 

Much  more  rational,  and  at  the  same  time  more  economical,  is 
the  displacement  of  the  gas  in  a  set  of  several  chambers  working 
together.  Here  simply  the  last  chamber,  that  is  that  which  is 
charged  with  fresli  lime,  is  put  in  communication  with  a  chimney, 
or,  failing  this,  with  an  injector,  before  opening  the  air-inlet  of 
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the  first  chamber^  containing  the  finished  bleach.  The  fresh  air 
entering  here  will  force  the  gas  containing  chlorine  into  the 
second  chamber,  and  from  this  into  the  last,  without  any  chlorine 
being  lost  or  any  smell  being  caused,  as  the  fresh  lime  in  the  last 
chamber  retains  everything.  It  is  very  advisable  to  conduct  the 
fresh  air  first  through  a  small  leaden  tower  fed  with  a  little 
sulphuric  acid  of  144" Tw.,  in  order  to  dry  it;  this  avoids  the 
diminution  of  the  strength  of  bleach  by  the  moisture  of  the  air, 
which  otherwise  occurs.  The  passage  of  the  air  mu^t  sometimes  be 
continued  for  12  hours,  to  remove  all  chlorine  from  the  chambers; 
but  with  exit-pipes  15  to  18  inches  wide  much  less  time  sufiices. 

The  English  inspectors  were  after  all  not  quite  satisfied  with 
the  above-described  proceedings,  because  sometimes  the  chambers 
were  opened  in  a  hurry,  before  suflScient  time  had  elapsed  for 
the  gas  to  be  drawn  through  a  freshly-charged  chamber.  They 
therefore  recommend  sprinkling  lime-dust  into  the  chamber  through 
the  top.  This  had  formerly  been  practised  at  some  places,  but 
merely  by  hand,  and  therefore  incompletely  and  irregularly.  The 
object  in  view  is  completely  attained  by  the  apparatus  of  Brock 
and  Minton  (pat.  No.  7199,  1886),  which  is  recommended  by  the 
inspectors  as  excellent  and  found  efficient  at  several  works.  It  is 
shown  in  figs.  152  to  154.  A  is  a  funnel  for  lime-dust,  B  a  valve 
for  regulating  the  feed ;  D  a  fan  for  sprinkling  the  dust  about  in 
the  chamber;  E  gearing  for  setting  the  fan  in  motion,  which  can 
be  done  by  hand .:  the  whole  is  enclosed  in  a  box,  except  the  lowest 
part  which  is  within  the  chamber.  Near  D  is  an  opening  for 
letting  out  the  dust  into  the  atmosphere  of  the  chamber.-  Eight 
iron  pipes  F  serve  as  stays  for  the  machine,  with  openings  just 
below  the  chamber-top  ;  this  assists  in  mixing  the  lime-dust  with 
the  chamber-gases,  as  during  the  revolutions  of  the  fau  air  is 
drawn  in  through  F  and  expelled  through.  One  such  machine 
is  placed  every  30  feet  of  the  length  of  the  chamber,  and  is  adapted 
to  a  corresponding  hole  by  a  flange  H. 

By  means  of  this  machine  the  chlorine  in  the  chamber  atmo- 
sphere can  be  reduced  to  1  grain  per  cubic  foot,  and  yet  strong 
bleach,  testing  37*5  to  38  per  cent.,  is  obtained.  For  a  ten-ton 
chamber  about  4  cwt.  of  lime  is  used  and  6  cwt.  more  bleach  is 
obtained. 

The  same  object  is  attained  by  Mooney,  who  allows  the  hydrated 
lime  to  fall  down  in  a  funnel  which  at  the  bottom  turns  off  at  a 
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right  angle;  here  it  issues  through  a  ^-ioch  hole  and  is  projected 
into  the  chamber  by  a  jet  of  compressed  air,  in  the  shape  of  a 
cloud. 

After  opening   the   doors   the   contents   of  the   chamber  are 


Fig.  162. 


Fig.  163. 


examined  at  once.  In  any  ease  there  will  be  a  superficial  crust  of 
bleach ;  but  only  with  very  shallow  layers  (2  inches)  is  it  possible 
to  Ket  35  per  cent,  bleach  in  one  operation. 
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Testing  in  the  laboratory  affords  certainty  in  this  respect ;  hut 
the  workmen  can  judge  pretty  well  by  empirical  tests  whether  the 
bleach  is  finished  or  not.  The  product  ought  to  consist  of  pretty 
heavy  flakes^  not  floury,  but  easily  crushed.  When  a  little  is 
taken  up  on  a  shovel  and  thrown  off,  the  powder  ought  to  fall 
down  heavily,  not  in  clouds  of  dust,  which  are  caused  by  lime. 
Kneading  a  well-mixed  sample  with  the  fingers  ought  to  make  it 
tough  ;  it  will  do  this  only  to  a  very  good,  strong  bleach,  which, 
however,  cannot  be  expected  the  first  time;  the  bleach  at  this 
stage  generally  tests  only  from  25  to  30  per  cent,  available 
chlorine. 

In  order  to  make  strong  bleach,  the  contents  of  the  chamber 
must  be  turned  over  with  the  spade,  all  lumps  crushed,  and  the 
stuff  lying  on  the  bottom  turned  upwards.  The  surface  is  again 
dressed  into  furrows  (drilled),  the  doors  are  closed^  and  gas  is 
admitted  again.  An  attempt  has  been  made,  but  unsuccessfully, 
to  avoid  the  opening  of  the  doors,  by  working  the  rakes  for  turning 
over  the  lime  through  stuffing-boxes.  What  we  have  said  above 
about  the  care  necessary  in  saturating  with  chlorine  holds  good  here 
in  a  higher  degree.  When  the  chamber  absolutely  refuses  to  absorb 
any  more  gas,  the  latter  is  cut  off,  the  chamber  allowed  to  rest  for 
12  or  24  hours  to  give  it  a  chance  of  absorbing  as  much  gas  as 
possible,  and  then  opened  with  the  same  precautions  as  the  first 
time.  A9  a  rule,  unless  there  has  been  some  neglect,  the  product 
is  now  found  strong  enough  for  packing — testing  at  least  36  per 
cent.,  as  there  is  always  some  loss  of  strength  in  packing  and 
sampling.  But  if  badly  chosen,  badly  burnt,  badly  slaked  or 
sifted  lime  has  been  employed,  if  the  manganese  ore  contains 
carbonates,  if  there  has  been  too  much  steaming  and  hence  sensible 
quantities  of  HCl  and  water  have  got  into  the  chamber,  no  strong 
bleach  need  be  expected.  If  the  strength  is  found  to  be  only 
33  or  34,  or  even  35  per  cent.,  it  will  be  necessary  to  turn  the 
stuff  again,  close  the  chamber,  and  give  it  a  little  more  gas;  but 
if  the  third  time  the  strength  has  not  got  up  to  36  per  cent.,  the 
powder  must  be  packed  as  it  is  and  sold  for  what  it  will  fetch  ; 
for  if  a  batch  saturated  with  chlorine  according  to  the  circum- 
stances is  treated  with  fresh  chlorine  for  some  time,  it  goes  back 
in  strength,  and  that  considerably.  Some  workmen  think  to 
remedy  this  by  mixing  some  fresh  lime  with  the  powder  before 
admitting  fresh  gas;  I  have  never  seen  much  success  from  this^ 
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but  I  have  several  times  got  rid  of  a  chamber  of  33  or  34  per  cent. 
by  bringing  another  one  hj  special  care  up  to  38  or  39  per  cent.^ 
mixing  the  contents  of  both^  and  packing  them  together. 

In  England  the  bleach  is  packed  as  it  is ;  but  in  France  it  is 
usually  deprived  of  lumps  by  sifting ;  in  this  operation  it  will  pro- 
bably lose  a  little  strength^  but  will  keep  all  the  better  afterwards, 
because  it  cools  completely  (see  below) . 

The  whole  time  elapsing  from  the  charging  of  a  fresh  chamber  to 
its  being  emptied  by  packing  the  finished  bleach  is  about  a  week. 

To  obtain  the  best  strong  bleach^  the  gas  must  be  passed  in  slowly 
and  gradually.  The  slower  the  better  is  a  practical  rule ;  lofty 
chambers  in  this  respect  act  better  than  low  ones,  because  the 
newly-arriving  chlorine-gas  is  always  getting  mixed  with  the  old 
chamber-air  before  reaching  the  lime.  Attempts  made  in  the 
same  chamber  at  passing  in  the  gas,  in  one  case  near  the  top,  in 
the  other  near  the  bottom,  have  shown  that  the  strongest  bleach 
was  obtained  in  the  first  case.  Evidently  this  bad  effect  of  intro- 
ducing the  chlorine  too  quickly  and  allowing  it  to  act  almost  directly 
on  the  lime  is  caused  by  too  great  a  rise  of  temperature.  During 
the  absorption  of  chlorine  by  lime  much  heat  becomes  free;  under 
favourable  conditions,  according  to  Morin,  the  temperature  rises 
to  119^  C,  in  which  case  undoubtedly  much  chlorate  is  formed. 
Serzelius  declares  even  a  temperature  of  2QP  C.  to  be  unfavourable 
for  bleach-making ;  but  this  seems  exaggerated.  Scheurer-Kestner 
(Compt.  Rend.  Ixv.  p.  894)  found  that  occasionally  the  highest 
temperature  is  generated  in  the  top  layers,  but  sometimes  the 
contrary  is  the  case.  He  affirms  that  temperatures  up  to  55°  C. 
are  suitable  for  making  strong  bleach.  With  a  large  excess  of 
chlorine  the  calcium  hydrate  gets  heated  up  to  80^  or  90°  C. ;  but 
the  product  is  then  already  partially  decomposing.  He  asserts 
that  he  has  found  the  highest  percentage  of  chlorine  in  the 
warmest  (55°  C.)  places,  and  hence  considers  a  certain  rise  of 
temperature  favourable  to  this  process.  According  to  observa- 
tions  made  by  myself  and  Schappi  (p.  425)^  a  temperature  of  40°  to 
45°  C.  is  the  best  for  the  production  of  strong  bleaching-powder. 

In  1877  (Feb.  6)  Cook  applied  for  an  English  patent  for  heating 
the  chambers  or  chlorine-pipes  by  steam ;  but  even  provisional 
protection  was  refdsed  for  this.  According  to  general  experience, 
the  practice  of  manufacturing  on  a  large  scale  shows  that  bleach- 
ing-powder is  all  the  better  the  cooler  the  chambers  can  be  kept. 
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For  this  reason  lead  ebambers  are  superior  to  stone  chambers ;  and 
from  the  same  cause  it  is  notoriously  much  easier  to  make  strong 
bleach  in  winter  than  in  summer.  In  France^  on  account  of  the 
warmer  climate,  at  least  in  summer^  no  stronger  bleach  than  that 
containing  30  or^  at  most^  32  per  cent,  of  available  chlorine  is 
made. 

This  apparent  contradiction  is  probably  explained  by  the  fact 
that  immediately  above  the  most  favourable  temperature  for  the 
production  of  chloride  of  lime  the  critical  point  sets  in  where  chlorate 
is  formed,  and  that  on  the  large  scale  it  is  not  so  easy  as  in  the 
laboratory  to  keep  the  temperature  exactly  at  that  limit,  so  that  we 
must  keep  considerably  below  it  in  order  to  be  on  the  safe  side. 

Agreeing  with  this  is  an  observation  made  by  Mr.  Benker, 
formerly  manager  of  the  Petit-Quevilly  works  near  Rouen,  who 
informs  me  that,  in  order  to  avoid  a  rise  of  temperature  and  too 
much  moisture,  he  mixes  his  (Weldon)  chlorine  with  50  per  cent, 
air,  by  means  of  an  air-pump,  previous  to  allowing  it  to  act  on 
the  lime.  In  this  case  no  hard  crust  is  formed  on  the  lime,  and  the 
operation  proceeds  very  regularly  and  smoothly.  The  strength  of 
the  bleach  on  introducing  the  new  system  suddenly  rose  from 
35  to  38  per  cent.,  at  which  point  it  was  regularly  kept.  Probably, 
besides  the  reasons  mentioned  by  Mr.  Benker,  the  dilution  of  the 
chlorine  with  air  would  check  the  formation  of  chlorate. 

It  is  also  certain  that,  when  the  chlorometrical  test  of  bleach  has 
reached  its  maximum,  it  is  reduced  by  any  excess  of  chlorine  gas 
admitted  to  it.  We  have  treated,  on  p.  420,  of  the  decomposing 
action  of  chlorine  on  bleach  and  on  hypochlorites  respectively. 
Scheurer-Kestner  proved  by  a  series  of  experiments  that  the  top 
layer  of  bleaching-powder  in  the  chambers,  which  is  in  immediate 
contact  with  the  gas  and  should  be  richest  in  chlorine,  always  tests 
less  than  the  layer  immediately  below.  This,  however,  may  be 
partly  caused  by  the  fact  that  any  HCl  carried  over  would  be 
retained  in  the  top  layer.  I  once  found  that  33-per-cent.  bleach, 
which  was  to  be  brought  up  to  strength  by  an  excess  of  chlorine, 
came  down  to  27  per  cent.  The  investigations  of  Hurter  on  the 
absorption  of  chlorine  in  the  Deacon  process  (p.  406)  should  also 
be  compared  here. 

The  observation  quoted,  p.  463,  according  to  which  weaker  bleach 
is  produced  by  admitting  the  chlorine  directly  to  the  lime,  is 
confirmatory  of  all  these  considerations. 
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According  to  Opl  (Engl.  pat.  4984, 1882)  a  lime  surface  of 
1  sq.  metre  and  1  metre  high  (=500  kil.)  at  a  pressure  of  32  feet 
water  absorbs  57  kil.  chlorine  per  hour ;  it  vould  thus  take  4*3 
hours  to  absorb  the  requisite  250  kil.^  but  this  is  not  feasible  on 
account  of  the  evolution  of  heat.     The  latter  must  be  rendered 
harmless^  either  by  cooling  or  by  dilution  with  air  [which  was 
practised  long  before,  and  published  in  our  first  edition,  vol.  iii. 
p.  270] .     OpPs  chamber  has  a  double  bottom  made  of  two  layers 
of  laths  of  wood  soaked  in  linseed  oil,  with  canvas  between  the 
layers.     The  drawing-out  of  the  air  and  forcing  through  of  the 
chlorine  is  performed  by  a  water  air-pump,  the  water  being  at 
the  same  time  employed  for  cooling,  by  allowing  it  to  run  on  to  the 
chamber  top^  from  which  it  flows  down  the  sides  and  runs  away 
in  a  spout  above  the  cast-iron  bottom.     The  chlorine  is  forced 
in  at  the  top^  and  the  process  is  finished  when  it  appears  below 
the  grating.     In  order  to  make  the  very  strongest  bleach^  the 
chlorine  must  be  first  purified  in  a  separate  box  by  means  of 
ground^  unslaked  quicklime,  employing  2  to  4  per  cent,  lime-dust 
of  the  same  weight  as  the  bleach.     By  means  of  this  apparatus 
it  is  contended  that  a  layer  of  lime  ten  times  as  thick  as  usual  can 
be  employed,  and  no  chlorine  is  lost. 

Solvay  (Engl.  pat.  839,  1880)  moulds  the  slaked  lime  into  balls 
and  exposes  these  to  chlorine  in  an  upright  cylinder. 

The  difference  in  strength  between  an  average  sample  drawn 
from  the  chambers  and  one  taken  from  the  casks  is  partly  caused 
by  a  loss  of  chlorine^  principally  that  which  had  been  merely 
mechanically  retained  in  the  interstices  between  the  particles  of 
bleachiug-powder ;  partly  by  the  absorption  of  moisture  during 
the  mixing  and  packing,  which  of  course  causes  an  increase  of 
weight.  This  difi^erence  in  strength  on  an  average  amounts  to 
1  per  cent. 

Mechanical  bleaching-powder  chambers, — Many  other  forms  of 
absorbtng-apparatiLS  for  chlorine  have  been  tried,  but  unsuccessfully 
until  quite  recently,  apart  from  the  Deacon  chambers  for  dilute 
chlorine  (p.  404).  Already  in  1816  (according  to  Richardson  and 
Watts,  iii.  p.  375)  Oberkampf  and  Widmer  proposed  revolving 
cylinders;  and  this  is  said  to  have  been  the  first  plan  of  manufac- 
turing bleach  in  Germany.  It  is  represented  in  the  sketch  fig.  155* 
The  cask  A  was  two-thirds  filled  with  hydrated  lime ;  the  chlorine 
gas  entered  through  the  perforated  pipe  d^  into  which  the  smaller 

VOL.  III.  2  H 


463 


THE  CBLOHINB  INDUSTBY. 


pipe  c,  coming  from  the  stills,  was  cemented.  The  cack  rested 
on  the  bearings  a  and  b,  and  was  turned  round  by  a  handle 
at  e.  Another  arrangement  is  said  to  have  been  carried  out  in 
England,  as  shown  in  figs.  156  and  157.  A  A  A  are  cylinders  oE 
i-inch  sheet  iron,  5  feet  in 


diameter  and  J  3  feet  ]  ong, 
coated  with  cement  inaide; 
at  one  end  tbey  have 
man-holes  B  B,  and  are 
fixed  on  a  wooden  frame 
at  such  elevation  above 
the  ground.fioor  that  the 
bleach  iug-powder  from 
them  can  fall  into  the 
packing-casks  through  a 


Vig.  166. 


The  axles  C  C  C  are  hollow  and 


perforated,  so  that  the  gas  can  enter  the  cylinders;  it  comes  from 
Fig.  166. 


the  stills  through  the  pipes  D  D  D.  The  cylinders  are  made  to 
revolve  by  the  cog-wheels  £  E  and  the  endless  worms  F  F  on  the 
main  shaft  G.  By  shifting  the  worms  F  F  each  cylinder  can  be 
thrown  into  or  out  of  gear.  The  revolutions  are  slow,  12  or  15 
per  hour.  Each  cylinder  is  charged  with  about  14  cwt.  of  calcium 
hydrate.  (Evidently  the  lime  gets  too  hot  in  this  case,  and  weak 
bleach  is  the  consequence.) 

The  manufactare  of  bleach  by  dropping  lime  down  a  tower  or 
shaft  in  which  chlorine-gas  ascends  has  been  proposed  several 
times,  e.  ff.  by  Larkin,  Leighton,  and  White  (patent  No.  1357, 
1871),   and   Leather   (No.  2308,   1871),  especially  for  chlorine 
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diluted  with  air;  also  by  Bramwell  {No.  2962,  1871)  and  Har- 
greaves  {No.  5001, 1876).  Bramwell's  apparatus  has  an  agitating- 
shaFt  inside;  Hargreaves's  is  a  vertical  cjliniler  with  horizontal 
shelves,  dowQ  which  the  lime  is  slowly  conveyed  by  means  of  a 
central  revolving  shaft,  carrying  horizontal  arms  and  scrapers; 
the  lime  arrives  as  finished  bleach  at  the  bottom.  Cold  water 
circalates  in  the  double  walla  of  the  vessel  and  in  the  hollow 
agitator.  The  apparatus  resembles  McDougall's  pyrites-burner 
{Vol.  I.  p.  260)  and  Solvay's  soda-drying  apparatus  (Vol.  III. 
p.  83} ;  Kellner'a  apparatus  (Engl.  pat.  20037,  1891)  is  similar. 

TV'  157. 


Similar  to  the  last  also  is  Kopfer's  apparatus  {G-erm.  pat.  9398), 
coDsistiog  of  an  octagonal  chamber  13  feet  high,  from  the  top  of 
which  the  lime  is  sprinkled  about  by  means  of  a  centrifugal  drum 
with  600  to  1200  revolutions  per  minute,  covered  with  a  wire  gauze 
of  6  millimetres  width  of  meshes.  Febres  (Germ.  pat.  24702)  intro- 
duces the  lime  by  an  Archimedean  screw  and  injects  it  into  the 
chamber  by  means  of  compressed  air.  W.  J.  and  L.  M.  Fraser 
(Engl.  pat.  20055,  1892)  employ  an  upright  chamber,  in  which  the 
lime  is  continually  raised  by  a  chain  of  buckets  and  thrown  upon 
fixed  inclined  planes.  Piatt  (Engl.  pat.  728,  1867)  describes  a 
tower  with  slanting  shelves,  mechanically  shakeu,  attached  alter- 
nately to  opposite  nides. 

The  apparatus  of  Riddel  (No.  231 6, 1875}  and  MaUtra  (No.  3547, 
2h2 
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1877)  are  pretty  mnch  the  same  thing.  Maletra  employs  a  hori- 
zontal wrought-iron  cylinder,  13  feet  long  and  6  feet  wide,  with 
doors  in  the  sides  and  below ;  a  central  shaft  with  spirally  placed 
arms  andiron  blades  10  X  6  inches  wide  turns  the  lime  round  12  or 
20  times  per  minute.  The  chlorine-gas  enters  at  the  top.  There 
are  two  openings  for  allowing  the  "heat  and  moisture''  to 
escape  [?].  A  thermometer  serves  for  controlling  the  process; 
in  summer  an  excessive  temperature  can  be  avoided  by  a  water- 
jacket.  The  finished  product  falls  through  the  lower  door  into  a 
bogie.  Such  a  cylinder  is  stated  to  turn  out  a  ton  of  bleaching- 
powder  in  24  hours.  The  inventor  claims  as  advantages  of  his 
process  speed  of  manufacture  and  uniformity  of  the  product. 
(This  apparatus,  from  my  own  knowledge,  has  been  at  work  for  a 
very  short  time.) 

Langer  (Germ.  pat.  39661)  arranges  within  a  trough  two 
parallel  conveying-screws,  turned  opposite,  the  screw-blades  inter- 
penetrating as  much  as  possible,  but  without  touching. 

All   mechanical  bleaching-powder  chambers  hitherto   erected 
have  been  abandoned  after  a  short  period  of  work,  either  because 
the  machinery  failed  or  because  the  bleach  came  out  weak,  or 
both.    Hasenclever's  apparatus,  however  (Engl.  pat.  17012,  1888), 
has  been  successfully  at  work  already  for  a  number  of  years; 
it  is  shown  in  figs.  158  and  159.     It  consists  of  several  super- 
posed tubes  (A,  B,  C,  D  in  the  diagram) ,  of  which  any  desired 
number  can  be  employed  in  a  set.     Each  tube  is  provided  with  an 
agitator,  moved  by  a  spur-wheel  at  one  end  of  the  axle,  and  at 
the  same  time  serving  as  a  conveying-screw.     The  axle  of  the 
bottom  agitator  receives  the  motion  from  the  gearing  by  means  of 
an  endless  screw  and  transmits  it  by  a  spur-wheel  to  the  agitators 
above.    The  screw-wheel  S  is  loose  upon  the  axle  and  is  connected 
with  the  spur-wheel  by  a  pin  T,  if  the  agitator  is  to  be  set  in 
motion.     If  T  is  removed,  the  whole  apparatus  is  stopped.     The 
lime  is  charged  through  the  hopper  E,  moved  forwards  by  the 
top  agitator  to  the  other  end  of  tube  A,  and  falls  through  F  into 
tube  B.     Here  it  is  conveyed  backwards  to  the  other  end,  and 
falls  through  G  into  C.     In  the  same  manner  it  is  again  conveyed 
forwards  in  C  and  backwards  in  G,  and  at  last  arrives  as  finished 
bleaching'powder  in  the   collecting-box  I,   from  which   it  falls 
through  a  slide  into  the  casks. 
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The  chlorine  gas  travels  in  an  opposite  direction  to  the  lime. 
It  enters  at  K  in  D ;  from  there  it  travels  by  H  into  C,  and  from 
there  upwards  by  the  branches  G,  F,  which  serve  for  the  dropping 
of  the  lime^  into  the  higher  tubes.  At  first  the  gas-channels 
were  placed  laterally,  to  avoid  carrying  along  much  lime-dust, 
but  this  has  been  found  unnecessary.  The  hopper  £,  which 
receives  the  sifted  lime,  is  closed  at  the  bottom  by  a  throttle- 
valve,  opened  and  shut  by  a  cam  fixed  on  an  axle,  in  order  to 
produce  a  uniform  and  regular  charging  of  the  lime. 

The  working  of  the  conveying-  and  agitating-screws  can  be 
observed  through  openings  in  the  tubes  A,  B,  C,  D,  tightly  closed 
by  caps  P ;  these  admit  of  inspecting  the  inside  of  the  tubes  and 
cleaning  them  in  case  of  need.  The  blades  of  the  agitators  are 
made  very  broad  at  their  outer  ends,  so  as  to  move  and  turn  over 
as  much  lime  as  possible,  and  present  constantly  fresh  surfaces  to 
the  chlorine.  The  moving  power  for  four  agitators  is  =  1  H  .P.  The 
cost  (at  Aachen)  is  about  7d.  per  ton  of  bleach,  including  the 
slaking  and  sifting  of  lime,  superintending  the  apparatus,  and 
packing  the  bleach.  A  four-tube  apparatus  furnishes  about  a 
ton  of  bleach  per  diem.  The  advantage  consists  less  in  a  reduced 
cost  of  production  than  in  the  diminished  trouble  and  injury 
to  health  caused  to  the  men  by  breathing  bleaching-powder 
dust  and  chlorine-gas. 

At  first  the  apparatus  failed  to  work  with  concentrated  chlorine ; 
the  lime  became  too  hot,  and  the  product  was  decomposed  and 
came  out  mostly  as  calcium  chloride.  Since  then  it  has  been 
found  possible  to  make  good  bleach  fi*om  strong  chlorine  by 
working  the  apparatus  only  intermittently ;  but  its  principal 
application  is  for  the  weak  chlorine  from  the  Deacon  process.  By 
mixing  air  with  the  chlorine,  as  mentioned  pp.  464  and  465,  it 
would  probably  woik  as  well  with  strong  gas. 

The  apparatus  of  J.  M.  and  A.  Milnes  (Engl.  pat.  15833,  1891  ; 
19180,  1892;  21356,  1893)  is  constructed  on  a  principle  similar 
to  that  of  the  drying-machines  employed  in  the  bleaching  of  wool. 
It  is  shown  in  figs.  160  and  161.  Each  of  the  three  compartments 
of  a  chamber,  built  of  slate  or  similar  material,  contains  an  endless 
cloth  D,  made  of  asbestos  tissue,  which  has  proved  excellent  for 
this  purpose,  and  is  turned  round  the  drums  E,  E  by  means  of 
the  spur-wheels  K,  K.  Slaked  lime  is  introduced  in  regulated 
quantities  by  hopper  A  and  feed-valve  B  ;  it  falls  on  to  the  endless 
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doth  and  travels  along  with  it  through  all  three  (or  more)  com- 
partments of  the  chambers  till  it  drops  through  H  into  cask  L 
The  undulated  combs  C,  C,  suspended  from  the  ceilings  of  the 
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compartments,  constantly  turn  over  the  lime.  The  chlorine  gas 
enters  at  L  together  with  the  lime;  it  is  drawn  through  the 
apparatus  by  an  exhauster  and  leaves  it  at  M. 

Dilute  chlorine  gas^  such  as  is  made  not  merely  by  the  Deacon 
process,  but  also  by  many  of  the  processes  starting  with  calcium 
or  magnesium  chloride^  &c.,  is  treated  in  the  first  instance  by  the 
chambers  constructed  by  Deacon  himself  (p.  404),  as  well  as  by 
several  of  the  mechanical  apparatus  mentioned,  especially 
Hasenclever's.  We  will  here  mention  an  apparatus  of  Solvay's 
(Engl.  pat.  7259,  1885),  who  puts  into  his  chambers  grids  of  open 
mineral  substances,  like  pebbles  or  asbestos  cloth,  upon  which 
the  lime  is  spread ;  the  chlorine  is  conveyed  through  them  from 
the  bottom  upwards,  not  vice  versa.  [These  grids  quickly  become 
clogged  on  discharging  the  bleaching-powder.j 

Packing  the  Bleachtng-powder. 

Since  in  no  case  are  all  the  layers  of  bleaching-powder  of  one 
uniform  quality,  account  must  be  taken  of  this  on  sampling,  and 
still  more  on  packing.  The  contents  of  a  chamber  should  be  very 
well  mixed,  the  whole  put  into  a  conical  heap  in  the  centre  of  the 
chamber,  and  left  to  itself  with  closed  doors,  till  the  rise  of  tempe- 
rature taking  place  on  mixing  the  diflFerent  layers  (comp.  p.  480) 
has  entirely  vanished.  This  heating  is  produced  by  the  varying 
percentage  of  different  layers,  and  it  may  amount  to  20°  C.  Packed 
in  this  way,  the  bleach  is  more  durable  than  when  packed  imme- 
diately after  mixing  up.  Bleach  which  has  been  exposed  to  the 
rays  of  the  sun  before  packing  is  said  to  keep  very  badly  after- 
wards. Observations  on  the  decomposing  action  of  the  rays  of 
the  sun  have  been  made  by  Riche  and  by  Bobierre  (Compt.  Rend. 
Ixv.  pp.  59  and  803).  It  is  easily  explained  by  the  combined 
action  of  heat  and  light,  such  as  has  been  observed,  for  instance, 
in  the  experiments  made  by  myself  and  Landolt  (p.  438). 

In  order  to  pack  the  bleaching-powder,  as  made  in  ordinary 
chambers,  the  men  must  go  inside  the  chambers,  where  they 
have  to  shovel  it  together  and  mix  it  up.  In  the  case  of  chambers 
erected  on  the  ground  floor  they  have  also  to  fill  the  casks  inside 
the  chamber.  The  latter  part  of  their  task  is  a  comparatively 
easy  and  not  over-harassing  kind  of  work  where  the  chambers 
are  placed  upon  pillars,  as  shown  p.  452,  and  the  packing  is 
performed  outside,  that  is  underneath,  the  chamber;  and  there  is 
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eyen  less  trouble  in  the  case  of  mechanical  chambers,  p.  468  et 
seq.  But  in  the  ordinary  chambers,  even  after  clearing  them  of 
gas  as  mentioned  on  p.  459,  it  is  work  of  the  most  unpleasant  and 
unhealthy  description,  the  men  being  harassed  not  merely  by  the 
gaseous  chlorine,  imprisoned  by  the  powder  and  being  set  free 
as  the  powder  is  moved,  but  also  by  the  fine  dust  of  the  powder 
itself  with  which  the  chamber-atmosphere  is  charged.  In  England 
the  men  protect  themselves  by  a  "  muzzle/'  that  is  20  or  30  layers 
of  damp  flannel,  tied  over  the  mouth,  the  nose  remaining  free ; 
they  inhale  the  air  through  the  muzzle  and  exhale  it  through 
the  nose.  The  flannel  must  not  be  either  too  damp  or  too  dry ; 
it  is  best  simply  wrung  out  by  hand  after  washing.  The  English 
Chemical  Works  Committee  of  Inquiry  of  1893 "  recommends 
moistening  the  flannel  from  time  to  time  with  a  solution  of  sodium 
bisulphite. 

This  Commission  also  recommends  to  thoroughly  carry  out  the 
(previously  well-known)  protection  of  all  exposed  parts  of  the 
skin  by  oiling  or  greasing;  also  the  employment  of  ^' goggles  ^^ 
and  further  protection  of  the  eyes  by  rubbing  them  now  and  then 
with  a  few  drops  of  castor-oil.  The  men  generally  wrap  their 
arms  and  legs  in  several  folds  of  thin  brown  paper,  to  prevent  the 
bleaching-powder  from  getting  inside  their  clothes. 

Sometimes  large  sponges  are  employed,  or  respirators  made  of 
cotton-wool,  or  filled  with  a  mixture  of  slaked  lime  and  Glauber's 
salts ;  but  the  latter  do  not  seem  to  have  answered  their  purpose. 
In  Germany  a  sort  of  helmet  is  employed  enclosing  the  whole 
head,  and  pure  air  is  supplied  by  bellows  from  without,  thus 
enabling  the  men  to  remain  longer  in  an  atmosphere  of  noxious 
gases  without  injury.  But  it  would  appear  that  English  work- 
men cannot  be  got  to  employ  such  measures;  eveu  the  Com- 
mission abstains  from  recommending  them,  and  contents  itself 
with  the  '*  muzzles,'^  improved  as  above  stated.  The  men  can 
remain  in  the  chambers  for  an  hour,  or  even  a  little  longer, 
when  thus  protected,  before  they  are  compelled  to  seek  some 
relief  in  the  open  air  for  their  infiamed  eyes  and  respiratory 
organs,  strained  by  breathing  through  the  '^  muzzle  '* ;  if  the  latter 
becomes  dry  in  the  meantime,  they  are  '^  gassed  "  nevertheless. 

Similar  precautions  must  be  employed  when  turning  a  chamber 
(p.  462) ;  also,  but  to  a  much  less  degree,  when  slaking  and  sifting 
and  charging  the  lime. 
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It  seems  strange  that  the  breathing  of  ammonia  vapour  does  not 
appear  to  be  at  all  practised  as  a  precaution  against  ^'  gassing/'  and 
is  not  so  much  as  mentioned  by  the  Commission.  I  have  employed 
this  frequently  myself;  Jurisch  states  that  he  did  so  with  the 
greatest  success  in  his  own  case^  but  could  not  induce  the  men  to 
do  likewise.  This  remedy  must,  of  course,  be  employed  with 
caution,  as  the  ammonia  vapour,  if  too  strong,  would  only  further 

irritate  the  alreadv  inflamed  mucous  membrane. 

» 

Other  remedies  against  ^*  gassing  "  by  chlorine  have  been  already 
enumerated  (p.  264) ;  among  these  I  have  myself  somewhat  suc- 
cessfully employed  the  inhalation  of  the  vapour  of  ordinary  ether. 

The  inhalation  of  chlorine-gas  (comp.  above,  p.  263)  or 
bleaching-po^der  dust  causes  a  strong  irritation  of  the  mucous 
membranes  of  the  windpipe  and  the  bronchise,  and  consequently 
violent  coughing  and  expectoration;  if  repeated^  it  may  lead  to 
bronchitis  or  asthma,  and  in  bad  cases  to  an  affection  of  the 
lungs.  Spitting  of  blood,  vomiting,  and  incapacity  for  taking  food 
are  of  frequent  occurrence.  Men  sufiering  from  weakness  of  the 
throat  or  lungs  ought  to  keep  away  from  this  kind  of  work  from 
the  outset.  Inflammation  of  the  eyes  (conjunctivitis)  is  frequently 
induced.  Jurisch  mentions  that  the  action  of  chlorine  causes  the 
sensation  of  heat  upon  the  skin,  and  that  the  men  speak  of  the 
chambers  being  insufferably  hot  when  the  temperature  is  only 
about  25°  C.  ;  but  this  may  be  due  to  a  confusion  of  the  various 
meanings  of  the  word  ^'  hot.'^  Real  bums  are  caused  by  chlorine 
on  sore  places  of  the  skin,  or  such  covered  with  perspiration,  and 
the  greasing  is  merely  employed  as  a  protection. 

Experienced  men,  when  they  have  to  step  into  a  bleach-chamber 
containing  gas,  or  when  they  are  otherwise  suddenly  exposed  to 
an  atmosphere  of  chlorine,  do  not  try  to  hold  their  breath  until 
they  are  out  of  it  again,  for  this  is  often  impossible;  and  when, 
after  all,  an  inhalation  is  taken  of  the  noxious  gas,  it  then  pene- 
trates into  the  finest  ramifications  of  the  pulmonary  tissue,  inducing 
bad  pulmonary  catarrh.  On  the  contrary,  they  breathe  regularly, 
but  quickly,  so  that  the  gas  only  gets  as  far  as  the  comparatively 
less  sensitive  surface  of  the  bronchise. 

The  remedy  commonly  used  by  English  workmen  to  abate  the 
trouble  caused  by  *^  gassing ''  is  whiskey  ;  but  some,  more 
rationally,  prefer  rest,  and,  if  possible,  now  and  then  abstain 
from  this  work  for  several  duys. 

The  English  Coumiission  strongly  recommends  the  introduction 
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of  mechanical  bleaching-powder  chambers,  especially  Hasenclever's 
(p.  468),  as  being  a  thorough  remedy  for  the  evil. 

Packages  for  bleaching-powder. — ^The  casks  for  bleaching- 
powder  should  be  made  of  dry  wood ;  they  are  mostly  lined  with 
brown  paper,  and  hold  5  or  6  cwt.  more  if  limestone  than  if  cliff 
has  been  employed.  Hard-wood  casks  are  chained  for  rather 
higher  than  soft  wood,  about  5^.  per  ton  more  than  the  latter ; 
they  are  mostly  employed  for  over-sea  carriage.  The  bottoms 
are  covered  with  plaster,  or  at  least  painted  with  lime.  The  casks 
must  be  protected  both  from  rain  and  sunshine ;  for  heating  by 
the  direct  rays  of  the  sun  may  cause  a  sudden,  explosion- like 
decomposition  of  the  bleaching-powder  (Hofmann  and  Kunheim, 
Wagner's  Jahresb.  1860,  p.  88;  1861,  p.  183).  In  this  case 
oxygen  is  set  free,  and  the  residue  consists  chiefly  of  calcium 
chlorate  and  chloride  (comp.  p.  472)  •  Such  cases  are  extremely  rare ; 
but  the  slow  decomposition  of  bleaching-powder  in  course  of  time  is 
an  unavoidable  drawback  which  will  be  subsequently  alluded  to. 

In  hot  countries  bleaching-powder  keeps  a  much  shorter  time 
in  the  warehouses  than  in  Europe.  In  India  (Papier-Zeitung, 
1894,  p.  1511)  the  warehouses  are  provided  with  large  gates  in 
the  two  opposite  ends,  filled  with  brushwood,  upon  which  a 
constant  stream  of  water  is  run ;  this  lowers  the  temperature 
from  5°  to  10^  C.  By  this  proceeding  the  strength  can  be  kept 
even  in  the  hot  season  for  several  months  at  25  per  cent.,  in  the 
colder  season  at  27  to  29  per  cent.  But  as  soon  as  a  sign  of 
decomposition  appears,  the  bleaching-powder  must  be  used  up  at 
once.  Boxes  lined  with  lead  or  zinc  offer  no  great  advantage  over 
ordinary  wooden  casks.  It  keeps  best  in  iron  drums,  but  these 
resist  corrosion  only  about  two  months  in  the  hot,  or  three  to  four 
months  in  the  cool  season.  As  soon  as  a  single  iron  drum  has 
corroded  and  allows  chlorine  to  pass,  all  others  are  quickly 
attacked ;  hence  the  first  drum  must  be  at  once  removed  before 
any  chlorine  can  escape  from  it. 

Bleaching-powder  for  carriage  to  hot  countries  is  sent  out  in 
air-tight  iron  drums,  holding  2,  3,  or  5  cwt. ;  for  consumption 
in  Europe  on  the  small  scale,  in  laundries,  for  household  and  disin- 
fecting purposes,  in  iron  canisters  holding  ^,  ^,  1,  and  10  lbs.  Of 
the  smaller  canisters  48,  of  the  10-lb.  24,  are  put  up  in  a  case. 

Steed  (Engl.  pat.  3902,  1881)  packs  bleaching-powder  in  boxes 
made  of  wood-shavings,  paper,  or  pasteboard,  which  are  pasted  up 
and  then  soaked  in  melted  wax,  parathn,  or  the  like.     Needham 
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(Eng.  pat.  19121,  1890)  proceeds  exactly  in  the  same  manner,  but 
he  dips  his  boxes  into  boiled  oil.  Bush  (Eng.  pat.  799,  1874) 
contents  himself  even  with  paper,  soaked  in  oil  or  resin. 


Properties  of  Bleaching-powder. 

Bleachiug-powder  ought  to  be  a  pure  white  powder,  which  in 
the  case  of  a  strong  article  is  mixed  with  lumps ;  but  these  on 
crushing  ought  to  show  just  the  same  properties  as  the  powder ; 
they  ought  to  be  completely  transformed,  and  not  to  contain  a 
core  of  lime.  These  lumps  are  sometimes  removed  by  riddling. 
In  the  air,  bleach  gradually  attracts  moisture  and  carbonic  acid, 
and  finally  deliquesces  to  a  pasty  mass.  It  has  a  peculiar  smelly 
different  from  that  of  chlorine,  aud  usually  ascribed  to  hypo- 
chlorous  acid  set  free  by  the  carbonic  acid  of  the  air ;  but  this, 
according  to  Winkler  (Dingl.  Joum.  cxcviii.  p.  149),  cannot  be 
so,  as  bleach  solutions  to  which  an  excess  of  alkali  has  been  added 
exhale  the  same  smell,  even  after  boiling  and  cooling  in  an  atmo* 
sphere  free  from  carbonic  acid.  We  must,  however,  not  overlook 
that  Austen  found  free  hypochlorous  acid  to  exist  in  alkaline  solu- 
tions (p.  418) .  Mixed  with  a  little  water,  bleach  forms  a  stiff  paste, 
with  a  perceptible  rise  of  temperature ;  if  ground  up  with  more 
water,  most  of  it  enters  into  solution  (according  to  Fresenius  first 
the  calcium  chloride),  but  there  always  remains  a  considerable 
residue,  chiefly  consisting  of  calcium  hydrate,  but  always  con- 
taining some  bleaching  chlorine,  which  can  only  be  washed  out 
by  a  very  large  amount  of  water.  The  aqueous  solution  has  a 
faintly  alkaline  reaction,  the  smell  of  bleaching-powder,  and  a 
peculiar  astringent  taste.  This  solution  is  almost  exclusively 
employed  in  bleaching,  as  the  residue  would  contaminate  the 
paper-pulp,  the  fabric,  &c.,  and  even  locally  destroy  them. 
M.  F.  Hodges  has  proved  that  after  complete  washing  the 
insoluble  residue  of  bleaching-powder  is  quite  harmless. 

[A  table  of  the  specific  gravities  of  solutions  of  bleaching- 
powder  has  been  given,  p.  437.] 

The  testing  of  bleaching-powder  for  available  chlorine  and  its 
full  analysis  are  described  on  pp.  429  and  438.  Analyses  of 
bleaching-powder  are,  among  others,  fuund  in  Lunge  and  Schappi^s 
paper  (p.  424).  Here  we  shall  merely  quote  some  full  analyses 
given  by  Pattinson  (Journ.  Soc.  Chem.  Ind.  1886^  p.  589). 
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From  From 

Irish  limestone.  French  cliff. 

ABO 

Available  chlorine 37  00  38-30  3600 

Chlorine  as  chloride  035  059  0*32 

„          chlorate  025  008  026 

Lime   4449  43*34  44-66 

Magnesia    040  031  043 

Ferric  oxide    005  004  002 

Alumina 043  0-41  033 

Manganic  oxide trace  trace  trace 

Carbon  dioxide  018  0-30  048 

Silica,  &c 0-40  030  050 

Water  and  loss  ., 16-45  16*33  ir-O^ 

10000       10000       10000 

Total  chlorine 37*60        38*97        36*58 

Bleaching-powder  decomposes  gradually,  even  in  the  absence  of 
air,  as  is  proved  by  the  instance  communicated  by  Hofmann  of 
the  explosion  of  a  tightly  stoppered  bottle,  also  in  well  packed 
and  protected  casks — but  especially  under  the  influence  of  air  and 
light.  Sometimes  the  decomposition  takes  place  quite  suddenly, 
but  only  when  warm  bleach  has  been  packed  in  hot  summer 
weather  (pp.  472  and  475). 

Hurter  (Dingl.  Journ.  ccxxiii.  p.  432)  noticed  only  once  in  ten 
years,  with  a  weekly  make  of  100  tons  of  bleach,  a  case  of 
considerable  heating  and  decomposition  of  a  cask  of  bleaching- 
powder,  which  he  ascribes  to  an  accidental  admixture  of  organic 
substances. 

Wright  and  Kingzett  ascribe  the  explosive  properties  of 
bleaching-powder  to  an  admixture  of  a  manganese  salt  (Chemical 
Society's  Meeting  of  March  20th,  1879). 

The  shaking  in  a  railway  truck  or  a  waggon  also  injures  it  more 
than  qniet  lying  in  a  dark  dry  place.  Hence  the  strength  of 
bleach  is  nearly  always  guaranteed  only  at  the  place  of  shipment ; 
but  bleach  shipped  with  35  per  cent,  in  England  ought  still  to 
show  at  Hamburg  or  New  York  33  or  at  least  32  per  cent. 
Pattinson  (Chem.  News,  xxix.  p.  143)  examined  the  speed  at 
which  bleaching-powder  loses  its  available  chlorine.    lu  the  course 
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of  12  months  the  strength  of  the  following  examples  of  bleach 
was  lowered : — 

A|  A^  A)  Bj  B( 

from  287     374    37-1     329    35-2 
to  20-8    31-2    30-2    222    279 

The  samples  A,  B,  and  C  were  taken  from  different  works^  but 
the  three  numbers  of  each  letter  from  the  same  chamber  in 
different  stages  of  saturation.  The  average  loss  of  chlorine  in  the 
first  three  months,  from  February  to  April,  was  0*33  per  cent, 
per  month ;  from  June  to  September,  0*86  per  cent,  per  month ; 
from  November  to  January,  0*28  per  cent,  per  month.  Tlie 
greatest  loss  occurred  in  August,  viz.  on  the  average  1'4  per 
cent,  per  month.  The  monthly  loss  of  chlorine  on  an  average  of 
the  whole  year  was  in  maximo  0*90,  in  minimo  0*50,  average 
0*63  per  cent.  It  is  very  noteworthy  that  weak  (28-7-per-cent.) 
bleach  lost  strength  quite  as  rapidly  as  the  strong  (37-per-cent.), 
which  contradicts  the  formerly  general  assumption.  Pattinson's 
observations  were  made  with  samples  kept  in  loosely  corked  bottles 
sheltered  from  direct  sunlight ;  possibly  bleach  packed  in  good 
casks  may  behave  somewhat  differently.  DuUo  (Wagner's  Jahresb. 
1865,  p.  253)  showed  that  bleaching-powder  continually  gives  off 
oxygen,  at  a  lower  temperature  slowly  and  gradually,  at  a  higher 
one  quickly ;  but  his  suggestion  (impracticable  in  any  case)  that 
no  bleach  should  be  made  above  30  per  cent.,  is  shown  to  be 
useless  by  Pattinson^s  experiments. 

Even  more  important  are  experiments  made  by  Pattinson  later 
on  (Journ.  Soc.  Chem.  Ind.  1886,  p.  587).  He  kept  three  full-sized 
casks  of  bleaching-powder  in  a  well-closed  cave,  the  temperature 
of  which  varied  during  a  year  from  +3°  to  17°  C.  Every  month 
samples  were  taken  and  analyzed.  At  the  same  time  samples  of 
the  same  bleach  were  put  up  in  glass  bottles,  and  analyzed  at  the 
commencement  and  end  of  the  whole  period  of  testing,  which 
lasted  eleven  months.  The  final  results  are  subjoined*  The  loss  of 
available  chlorine  was  quite  gradual,  and  amounted  at  the  end  of 
eleven  months  to  the  following  percentages  : — 

Iq  the  casks, 
a.  6.  In  the  bottles. 

A 3-20  2-40  2-30  per  cent. 

B 310  246  1-80       „ 

C 310  210  1-80       „ 
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Letters  A^  B^  C  refer  to  the  analyses  given^  p.  477.  Column  a 
shows  the  loss  of  strength  in  the  casks  a^  directly  founds  column  b 
that  which  is  found  if  the  increase  of  weight  by  absorption  of 
moisture  and  CO^  is  taken  into  account.  When  doing  so>  there  is 
a  very  slight  difference  between  the  casks  and  the  bottles.  The 
total  loss  of  chlorine  in  all  forms  (correcting  that  found  in  the 
casks  as  in  column  b)  amounted  to : — 

In  the  oaBks.        In  the  bottles. 

A 0-50  0-86 

B 0-67  0-43 

C 0-65  0-68 

It  is  very  remarkable  that  the  small  quantity  of  chlorate  ori- 
ginally present  was  found  to  have  completely  vanished  after  four 
months'  keeping  :  the  chloride  increased  during  the  eleven  months 
in  the  casks  by  2*09^  1*83^  1*65  per  cent.;  in  the  bottles  by 
1-62,  1-54,  1-38  percent. 

Pattinson  remarks  that  when  storing  the  bleach  in  less  cool 
places^  the  loss  of  chlorine  is  probably  larger  than  in  his  experi- 
ments^ since  he  found  it  to  be  considerably  greater  during  the 
summer  months  than  in  winter. 

In  comparison  with  the  above^  the  statements  of  Boyer  and 
Durand  (Joum.  Soc.  Chem.  Ind.  1891,  p.  925)  on  the  changes  of 
bleaching-powder  present  little  interest. 

ThUmmel  (Arch.  Pharm.  1884,  xxii.  p.  20),  who  examined  15 
samples  of  bleaching-powder  taken  from  druggists'  shops,  found 
that  they  behaved  very  differently.  The  average  of  these  samples, 
some  of  which  were  kept  in  small  paper  bags,  was  31*2  per  cent., 
and  even  when  most  carelessly  kept  in  open  vessels  the  bleach 
showed  from  23  to  27  per  cent,  available  chlorine. 

The  changes  taking  place  in  solutions  of  bleaching-powder  when 
kept  under  varying  conditions  have  been  described,  p.  438.  The 
transformation  of  the  same  into  chlorate  will  be  mentioned  in 
Chapter  XXII. 

According  to  Opl  (Dingl.  Joum.  ccxv.  p.  237),  bleach  yields, 
when  decomposed  by  heat  alone  in  the  absence  of  moisture, 

CaOCl,=CaO  +  Cl,; 

f .  e,  chlorine  is  evolved ;  but  in  the  presence  of  moisture  (which  in 
practice  is  always  present),  bleach  both  in  the  solid  state  and  in 
solution  decomposes  thus : — 

CaOCl,=CaCl,  +  0, 
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but  always  with  simultaneous  formation  of  chlorate^  as  has  long^ 
been  known  [according  to  the  equation 

6  CaOCl2= CaCCIOs),  +  5  CaCl  J . 

(Our  experiments^  quoted  p.  424,  agree  with  Opl's  so  far  as  the 
action  of  moist  air  is  concerned,  but  prove  that  even  in  dry  air  not 
only  CaO  and  Cl^  but  also  CaClg,  O,  and  CaClsOa  are  formed.) 
The  action  of  light  could  not  be  distinguished  from  that  of  heat ; 
only  in  direct  sunlight  chlorous  acid  was  formed.  When  bleach 
decomposes  spontaneously  under  ordinary  circumstances,  chiefly 
oxygen  is  evolved,  but  little  chlorine,  and  some  calcium  chlorate. 
Such  a  decomposition  is  caused  principally  by  the  bleach  spon- 
taneously heating,  owing  to  a  mutual  reaction  of  its  constituents — 
not  while  lying  in  the  chamber,  but  on  being  mixed  and  taken  out^ 
as  Opl  proved  by  many  experiments ;  this  is  caused  by  the  fact 
that  in  the  formation  of  bleach  a  migration  of  the  water  takes 
place,  and  the  middle  layer  becomes  poorest  in  water ;  on  mixing 
the  different  layers  (comp.  p.  472)  the  compounds  CaOClj  and  CaCl^ 
are  hydrated  with  evolution  of  heat ;  so  that  the  temperature  of 
bleach  in  the  casks  may  rise  to  37^°  or  even  44°  C,  which  quite 
suffices  for  explaining  its  ^' spontaneous ''  decomposition^  as  this 
commences  at  37^°.  The  formation  of  calcium  chlorate  can  only 
occasion  a  slight  evolution  of  heat.  Hence  Opl  recommends  con- 
veying the  chlorine-gas  well  cooled  into  the  chambers,  employing 
the  lime  with  as  much  water  as  practicable,  never  allowing  the 
chambers  to  get  warmer  than  25°,  keeping  them  very  clean,  so 
that  no  bleach  remains  in  them,  and  never  packing  the  finished 
bleach  directly  into  casks,  but  mixing  it  well  and  leaving  it  in 
shallow  wooden  boxes  with  lids  to  cool  at  least  to  21°  C,  turning 
it  over  several  times  before  it  is  packed. 

Yields  and  Costa. 

The  yield  of  bleaching-powder  from  slaked  lime  ordinarily  amounts 
to  once  and  a  half  the  weight  of  the  latter;  but  with  very  good  work 
166  parts  of  strongest  bleach  are  obtained  from  100  parts  of  lime 
as  charged.  For  making  a  ton  of  35-per-cent.  bleach  very  different 
quantities  of  manganese  are  required,  depending  upon  its  quality, 
the  way  in  which  the  process  is  carried  out,  and  the  tightness  of 
the  apparatus.  Theoretically  bleach  of  35  per  cent,  in  the  cask,  or 
36  per  cent,  in  the  chamber,  only  requires  44  per  cent.  MnO^ ;  f.e* 
100  parts  require  73*5  parts  of  60-per-cent.  manganese,  or  63  parts 
of  70-per  cent,  manganese.     But  it  is  considered  very  good  work 
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if  only  90  parts  of  the  former,  or  75  parts  of  the  latter  are  used ; 
and  the  average  may  be  taken  as  100  parts  of  60-per-cent.,  or  90 
parts  of  70-per-cent.  manganese  ore  to  100  parts  of  35-per-cent. 
bleach.  In  Wright's  experiments' (Chem.  News,  xvi.  p.  126)  the  loss 
of  chlorine  was  about  25  per  cent,  of  that  calculated  from  the 
manganese.  The  loss  is  mostly  caused  by  incompletely  dissolving 
the  latter :  the  chlorine  escaping  will  rarely  exceed  5  per  cent. ; 
otherwise  its  smell  would  be  intolerable. 

In  many  works  the  hydrochloric  acid  is  not  measured,  and  its 
quantity  varies  even  more  than  that  of  the  manganese  ore;  because, 
apart  from  the  causes  of  loss  noticed  there,  it  depends  also  upon  the 
quality  of  the  manganese  and  the  way  of  treating  it.  Theoretically, 
100  parts  of  36-per-cent.  bleach  require  74  parts  dry  HCl,  or  about 
250  hydrochloric  acid  of  32®  Tw.  Practically,  rarely  less  than  400 
to  450  parts  are  used,  and  relatively  even  more  with  weak  acid.  The 
French  factories,  employing  small  stoneware  stills  and  strong  acid, 
are  said  to  work  most  advantageously  as  to  hydrochloric  acid. 
In  England,  when  native  manganese  ore  is  employed,  600  to  700 
acid  of  28°  Tw.  are  reckoned,  upon  100  strongest  (39-per-cent.) 
bleach.  In  France  (according  to  Payen's  *  Precis,'  1877,  i.  p.  553) 
100  parts  of  hydrochloric  acid  of  36°  Tw.  are  said  to  yield  35  parts 
of  bleach  of  110  French  degrees =35  per  cent,  chlorine;  but  in 
summer  only  bleach  of  100  degrees=31|  per  cent,  chlorine  can 
be  made.  Favre  (Monit.  Scient.  1876,  p.  276)  states  that  1000 
kilog.  of  bleach  of  110  degrees  require  only  2220  kilog.  acid  of 
36°  Tw, ;  but  this  is  incredible. 

The  cost  of  making  100  kilog.  of  bleaching-powder  100^  6.L. 
(=32  per  cent,  chlorine)  by  the  old  process  at  a  Continental  works 
in  1875,  as  taken  from  the  books,  was  : — 

Kilog.  At  fra.  Fn. 

Hydrochloric  acid  20°  B 475           1 550  7*37 

Manganeseore 943      13800  1302 

Lime  574        85-54  2*04 

Coals 82-7        1400  116 

Wages    2-28 

Repairs  1-20 

General  expenses  0*50 

No  casks  are  mentioned.  27*52 

The  costs  for  manufacturing  bleaching-powder  by  the  Weldon 
and  Deacon  processes  have  been  given,  pp.  366  and  414. 

VOL.  III.  2 1 
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CHAPTER  XXI. 

BLEACH-LIQUORS. 

Liquid  Chloride  of  Lime. 

Dry  bleaching-powder  will  probably  always  remain  that  form  in 
which  the  bleaching-properties  of  gaseous  chlorine  are  fixed 
most  easily  and  cheaply  and  made  fit  for  carriage.  But  this 
advantage  cannot  be  secured  without  the  drawback  that  about 
one  third  of  the  lime  is  not  converted  into  the  bleaching-com- 
pound  CaOCl2.  Further,  bleaching-powder  must  be  dissolved 
and  settled  before  use,  which  is  not  an  easy  task.  If,  therefore, 
a  manufacturer  wishes  to  prepare  a  bleacbing-compound  for  his 
own  use,  it  is  undoubtedly  much  better  to  absorb  the  chlorine  in 
milk  of  lime,  as  in  liquid  bleach  no  excess  of  lime  is  required,  and 
a  mixture  of  calcium  hypochlorite  and  chloride  can  be  directly 
obtained.  In  this  way  the  bleachers  of  Lancashire,  Alsace^  &c. 
regularly  used  to  make  their  own  bleach-liquor.  Nowadays 
they  do  this  only  exceptionally ;  but  the  manufacture  of  liquid 
chloride  of  lime  (bleach-liquor)  is  still  a  considerable  industry  at 
chemical  works  situated  near  bleach-works,  where  the  expense 
of  carriage  is  not  very  considerable  and  casks  or  carboys  can  be 
returned.  In  South  Lancashire,  where  these  conditions  exist, 
much  bleach-liquor  is  made — e.  g.  5871  tons  in  1866.  In  the 
North  of  France  bleach-liquor  is  sent  out  in  canal  boats,  made  of 
iron  and  lined  with  a  mixture  of  tar,  pitch,  and  wax,  constructed 
exactly  like  those  for  sulphuric  acid,  described  in  Vol.  I.  p.  746. 

Since  it  is  scarcely  possible  to  construct  chlorine-stills  so  as  to 
sustain  any  considerable  pressure,  the  chlorine  in  making  bleach- 
liquor  can  only  come  into  contact  with  the  surface  of  the  milk  of 
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lime;  bat  CKFe  must  be  taken  to  renew  this  surface  continnally  by 
a^tatioD.  This  is  done,  for  instauce,  in  Fattinson's  apparatus 
(fig.  162).  A  is  the  chlorine-atill,  made  of  stoneware,  standing  on 
the  saucer  F,  in  the  calcium-chloride  bath  B ;  this  rests  on  the 

Fig.  162. 


metal  plate  C,  and  is  heated  by  the  fire  in  D.  I  is  the  manganese- 
funnel,  with  its  cover  H  and  the  acid -pipe  K  (comp.  figs.  108  to  111, 
pp.  301  &  302) .  The  chlorine  passes  through  L  into  the  glass  wash- 
bottle  M,  partly  filled  with  acid,  from  this  through  N  into  the  lead' 
vessel  O,  filled  with  lumps  of  manganese  ore,  and  from  this  through 
P  into  the  absorbing-vessel  R.  Tbis  is  a  horizontally  placed  wooden 
cask,  lined  with  lead  and  provided  with  the  wooden  agjtating-sbaft 
Q,  to  which  perforated  gutta-percha  plates  are  attached.  The 
gudgeons  of  the  shaft  are  made  of  teak-wood,  the  bearings  of 
ebonite.  The  cask  is  filled  with  milk  of  lime;  the  chlorine  enters 
above  it,  but  is  driven  into  it  by  the  agitators  and  is  quickly 
absorbed.  The  temperature  is  thereby  raised ;  and  the  operation 
must  be  interrupted  before  all  the  lime  is  dissolved,  because  other- 
wise calcium  chlorate  will  be  formed.  The  gas  issuing  from  the 
cask,  especially  in  the  last  period,  is  washed  with  water,  to  absorb 
the  chlorine,  before  it  escapes  into  the  air.      Tbis  apparatus  is 

2i3 
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evidently  only  adapted  for  small  factories.  If  lead  pipes  are 
employed^  and  if  these  are  allowed  to  dip  into  the  liquid,  they 
are  quickly  acted  upon^  chlorine  being  lost^  and  oxygen  bein^ 
given  off. 

Where  bleach-liquor  is  made  on  a  lai^e  scale^  the  same  appa- 
ratus can  be  employed  as  will  be  described  in  the  chapter  treating 
of  chlorate  of  potash — ^that  is^  ordinary  chlorine-stills  and  a  con- 
nected series  of  upright  cast-iron  cylinders  with  vertical  agitatiiig- 
shafts^  for  saturating  the  milk  of  lime.  The  work  at  first  is  carried 
on  just  as  for  chlorate.  The  cylinders  are  charged  with  about 
1  to  1^  lb.  of  slaked  lime  per  gallon  of  water.  Care  must  be  taken 
lest  the  chlorine  be  evolved  too  fast,  which  would  cause  too  great 
a  rise  of  temperature.  The  rule  is,  not  to  exceed  32°  C. ;  in  no  case 
should  37°  C.  be  exceeded.  If  the  temperature  should  rise  to  this 
point,  the  gas  must  be  stopped  at  once  till  the  liquid  has  cooled 
down.  It  is  very  convenient  to  surround  the  absorbers  with  a 
jacket,  between  which  and  the  absorber  cold  water  is  kept  circu- 
lating. In  any  case  the  operation  must  be  stopped  when  the 
specific  gravity  of  the  liquor  has  risen  to  1*040;  otherwise  it 
will  be  changed  into  a  solution  of  calcium  chlorate.  This  happens 
sometimes  after  all :  hence  it  is  very  convenient  to  combine  the 
manufacture  of  chlorate  with  that  of  bleach-liquor,  because  then 
any  such  spoiled  batches  can  be  worked  for  the  former. 

For  the  manufacture  of  bleach-liquor  the  chlorine  from  the 
Deacon  process  is  very  well  adapted,  all  the  more  as  there  is  here 
no  necessity  for  drying  it  with  sulphuric  acid.  It  is,  in  fact, 
extensively  employed  for  this  purpose,  its  dilution  being  harmless 
in  this  case. 

In  France  bleach-liquor  is  manufactured  in  brick  vats  of  100 
to  140  cubic  feet  capacity,  with  a  mechanical  agitator  moved  by 
means  of  a  pulley  and  belt ;  during  the  operation  they  are  closed 
by  covers,  made  of  iron  or  of  wood  lined  with  lead,  hinged  on 
one  side  and  movable  on  the  other  by  means  of  a  pulley,  chain, 
and  balance-weight.  The  joint  is  luted  with  clay.  The  chlorine 
acts  only  on  the  surface  of  the  milk  of  lime,  which  is  constantly 
renewed  by  the  agitator.  The  charge  is  prepared  from  9  cwt.  of 
slaked  lime  and  3  tons  of  water.  The  chlorine  is  passed  in  slowly, 
so  that  the  temperature  does  not  exceed  30°  or  35°  C. ;  as  soon  as  a 
test  of  a  sample  shows  that  the  available  chlorine  in  the  liquor 
is  =15°  Gay-Lussac  (=not  quite  5  per  cent,  chlorine  by  weight)^ 


BLEACH-LIQUORS.  483 

the  gas  is  stopped^  the  liqaor  is  allowed  to  rest  a  little  and  is 
run  into  settlers  made  of  bricks  set  in  cement.  A  good  deal  of 
unused  lime  remains  in  the  vats. 

The  following^  very  convenient,  apparatus  is  employed  in  the 
North  of  France  : — Four  large,  horizontal  wrought-iron  cylinders 
are  placed  in  tiers  on  an  inclined  plane.  All  of  them  are  pro- 
vided with  agitating-shafts,  to  which  buckets  are  attached  which 
constantly  bring  the  lime  up  from  the  bottom.  Both  the  milk 
of  lime  and  the  chlorine  gas  enter  first  into  the  top  cylinder 
and  gradually  pass  through  all  the  others ;  from  the  fourth  and 
lowest  cylinder  the  bleach-liquor  issues  with  a  strength  of  18°  to 
20^  Gay-Lussac  (6  to  7^  per  cent,  available  chlorine)  and  upwards. 
This  process  goes  on  continuously,  and  requires  only  one  man  for 
superintendence  and  two  for  preparing  the  milk  of  lime.  The  gas 
is  drawn  away  from  the  bottom  cylinder  by  a  Korting's  injector,  so 
that  there  is  an  inward  suction  of  about  ^  inch  water  in  the 
cylinders. 

An  improvement  in  the  manufacture  oE  bleach-liquor  was 
proposed  by  Deacon  (pat.  No.  3309,  1872).  The  slaked  lime  is 
to  be  replaced  by  calcium  carbonate,  in  which  case  the  reaction  is 

CaCOj + 4C1  +  H,0 = CO2  +  2H0C1  +  CaCl, ; 

i.  e.  free  hypochlorous  acid  is  formed.  This  bleach-liquor  may  be 
employed  directly,  or  converted  into  the  ordinary  kind  by  adding 
lime,  which  combines  with  the  hypochlorous  acid.  Deacon  pro- 
posed to  employ  the  miiiture  of  hydrated  and  carbouated  lime  which 
remains  behind  in  causticizing  soda ;  it  is  to  be  suspended  in  water 
and  treated  with  chlorine,  like  ordinary  milk  of  lime.  Or  limestone 
or  chalk  in  lumps  may  be  employed,  charged  into  a  tower  made 
of  suitable  material  and  always  kept  moist  by  water  or  weak  bleach- 
liquor.  This  kind  of  operation  is  especially  recommended  for  chlo- 
rine gas  diluted  with  CO^  or  otherwise,  e.g,  that  made  by  Deacon's 
own  process ;  but  it  has  not  been  introduced  in  practice,  which 
will  be  easily  understood  since  under  these  conditions  most  of  the 
hypochlorous  acid  must  pass  into  chlorate  (pp.  420  and  487). 

According  to  Solvay  (pat.  No.  171, 1877)  the  calcium  and  mag- 
nesium silicates  or  aluminates,  obtained  by  his  patented  process 
No.  77,  1877,  are  moistened,  treated  with  chlorine,  converted 
into  hypochlorites,  and  then  separated  from  the  liberated  silica  and 
alumina  by  dissolving. 
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Analyses  of  bleach-liquor  always  show  a  slight  excess  of  free 
lime^  without  which  the  transformation  of  the  hypochlorite  into 
chlorate  could  not  be  prevented.  Thus  Davis  (Chem.  News,  xxvii« 
p.  225)  gives  the  following  analysis  of  bleach-liquor : — 

CaOCl, 13-52 

CaCls  in  excess 1*17 

CaO  0-39 

Manganese    trace 

Water  (by  difference)  ...  8492 

10000 

The  analysis  of  bleach-liquor  is  performed  in  the  way  described, 
pp.  429  &  439.  Its  percentage  of  bleaching  (available)  chlorine 
can  be  approximately  found  by  the  table  of  specific  gravities, 
p.  439. 

Chloride  of  Potash  and  Soda. 

These  bleach-liquors  were  known  even  before  the  discovery  of 
chloride  of  lime.  First  chloride  of  potash  was  manufactured  in 
1792  at  the  chemical  works  at  Javel,  which  is  now  a  suburb  of 
Paris.  Hence  its  name,  Eau  de  Javel,  which  was  later  on  applied 
as  well  to  chloride  of  soda,  first  prepared  in  1820  by  Labarraque ; 
the  latter  has  almost  entirely  supplanted  the  original  Eau  de  Javel. 
This  is  made  by  passing  chlorine  gas  in  the  cold  into  a  solution 
of  1  part  of  potash  (KsCOs)  in  8  parts  of  water  till  the  liquid 
begins  to  efiervesce  (comp.  chloride  of  soda).  Potassium  chloride 
is  separated  in  small  crystals,  together  with  silica  (from  the 
impurities  contained  in  commercial  potash).  Since  at  first  it  was 
common  to  obtain  the  chloride  coloured  pink  by  the  accidental 
presence  of  some  salt  of  manganese,  the  consumers  got  accustomed 
to  it,  and  this  colour  afterwards  had  to  be  artificially  produced  by 
adding  a  little  still-liquor. 

A  very  active  dry  bleaching  compound  is  made  by  passing 
chlorine  through  a  solution  of  24  pail^  potash  with  1  part  water, 
when  a  mixture  of  potassium  chloride,  hypochlorite,  and  carbonate 
is  formed. 
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Chloride  of  Soda  (Hypochlorite  of  Soda). 

This  liquor^  formerly  called  Eau  de  Labarraque,  but  afterwards 
mostly  Eau  de  Javel,  is  made  according  to  two  different  pre- 
scriptions, which  yield  very  different  results.  According  to  the 
first,  chlorine  is  passed  into  a  solution  of  sodium  carbonate.  The 
original  prescription,  given  in  1820  by  Labarraque  (Joum.  Chim. 
med.  ii.  p.  165),  was: — Chlorine,  made  from  576  parts  salt,  576 
sulphuric  acid,  448  water,  and  448  manganese,  is  passed  into  a 
solution  of  2500  parts  crystallized  sodium  carbonate  in  10,000 
water.  At  present  this  liquor  is  made  by  passing  chlorine  into  a 
solution  of  sodium  carbonate  in  at  least  10  parts  of  water  till 
the  liquid  begins  to  effervesce  or  till  it  bleaches  litmus.  It  then 
contains  free  hypochlorous  acid  along  with  sodium  chloride  and 
bicarbonate : 

NajCO,  +  2C1  +  H,0 = NaCl + NaHCOs  +  HOCl. 

If  further  chlorine  be  admitted,  the  bicarbonate  is  also  decom- 
posed with  effervescence,  COs  being  liberated  and  only  NaCl 
remaining  along  with  hypochlorous  acid  : 

NaHCOa + 2C1 = NaCl  +  CO,  +  HOCl. 

At  the  same  time  also  some  chlorate  is  formed,  especially  if  the 
specific  gravity  of  the  liquid  rises  above  1*06;  but  this  ought  to 
be  avoided. 

Mayer  and  Schindler  (Bepertor.  f.  Pharmacie,  xxxi.  p.  1)  obtain, 
the  compound  in  a  solid  state  by  passing  the  chlorine  given  off 
from  10  parts  NaCl,  8  manganese,  and  14  sulphuric  acid  into 
19  parts  of  dry  powdered  sodium  carbonate,  moistened  with  only 
1  part  of  water.  The  chlorine  is  slowly  absorbed  with  evolution  of 
heat.  The  product  is  a  white  powder  possessing  a  peculiar  faint 
smell,  and  is  soluble  in  8  parts  of  water. 

To  the  same  class  of  bleach-liquors  belongs  that  which  is 
obtained  by  passing  chlorine  into  caustic-soda  solution,  under  such 
precautions  as  are  adapted  for  avoiding  the  formation  of  chlorate, 
that  is  at  a  moderate  temperature  and  in  such  manner  that  there 
is  always  a  little  undecomposed  alkali  present.  The  reaction  is 
then  simply : 

2C1  +  2NaOH =NaOCl  +  NaCl  +  HA 
Such  bleach-liquor  is  made  especially  in  the  North  o{  France^ 
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testing  22"^,  38°,  and  49°  Gay-Lussac  (=6-3, 95,  and  15o  per  cent, 
available  chlorine). 

The  second  kind  of  liquor  is  made  from  bleaching-powder  and 
carbonate  or  sulphate  of  soda.   If  to  a  clear  solution  of  bleaching- 
powder  sodium  carbonate  be  added,  calcium  carbonate  is  precipi- 
tated and  the  solution  contains  sodium  hypochlorite  and  chloride. 
In  the  place  of  sodium  carbonate,  sulphate  or,  preferably,  bicarbo- 
nate may  be  employed.     This  liquor  is  perfectly  analogous  t^  a 
solution  of  bleaching-powder,  and  quite  different  from  that  ob- 
tained by  passing  chlorine  into  soda ;  whilst  the  latter  dissolves 
ferric  hydroxide,  and  consequently  takes  away  ink-spots,  the  liquor 
made  from  bleaching-powder  turns  the  ink-spots  iron-rust-coloured. 
The  latter  liquor  is  best  prepared  with  sodium  bicarbonate,  because 
the  precipitate  settles  much  better  than  with  monocarbonate.     In 
the  former  case  a  crystalline,  in  the  latter  a  pasty  precipitate  is 
formed..     A  slight  excess  of  bicarbonate  in  the  liquid  is  very 
useful  for  many  purposes.      Such  a  liquor  is  stated  to   bleach 
copper  engravings  in  a  minute  without  any  damage  to  the  paper, 
especially  if  the  latter  be  at  once  dipped  into  a  weak  solution  of 
sodium  bisulphate  (?Chera.  News,  xi^  p.  132).     A  very  cheap 
process,  yielding  a  liquor  that  keeps  well,  is  the  following — passing 
chlorine  into  a  mixture  of  milk  of  lime  and  sulphate  of  soda. 
This  is  the  plan  followed  at  Mal^tra's  works  at  Rouen.     The 
pharmaceutical  preparation  (liquor  natri  hypochlorosi)  is  obtained 
by  shaking  20  parts  bleaching-powder  with  100  water,  adding  a 
solution   of   25  parts  soda  crystals   in  50  water,  settling,  and 
decanting.     1000  parts  of  this  liquid  ought  to  contain  at  least 
5  parts  of  available  chlorine. 

This  very  old  preparation  of  bleach -liquor  was  again  patented 
in  Prance  by  Coutelle  in  1873  (decomposing  a  solution  of 
bleaching-powder  by  sodium  carbonate  or  sulphate).  He  sold 
his  liquor  as  "  extrait  d'eau  de  Javel,'^  with  30°  to  40°  Gay- 
Lussac  (9^  to  13  per  cent,  chlorine),  with  the  assertion  that  such 
liquor  was  "  neutral "  and  kept  much  better  than  that  prepared 
by  the  action  of  chlorine  on  caustic  soda,  which  always  contains 
some  free  alkali.  This  assertion  is  wrong  in  a  twofold  sense. 
Firstly,  the  liquor  does  not  become  less  stable  by  the  presence  of 
free  alkali  (this  is  only  the  case  if  free  COj  or  NaHCOs  is  present); 
secondly,  the  liquor  made  from  bleaching-powder  must  always 
contain  a  little  free  alkali,  as  the  solution  of  bleaching-powder 
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always  contains  some  free  lime  (comp.  p.  486).  These  solutions 
of  sodium  hypochlorite,  also  called  ''  esprit  de  Javel/'  are  much 
used  in  France  (Lequin,  Official  French  Report,  Paris  Exhibition, 
1889,  p.  88). 

Herison  and  Lefort  (Monit.  de  Teint.  1891,  p.  309)  once  more 
recommend  a  bleach-liquor  made  from  equal  parts  bleaching- 
powder  and  sulphate  of  soda,  as  something  new  and  specially 
excellent. 

Young  (Engl.  pat.  653,  1882)  asserts  that  it  is  possible  to 
prepare  a  very  superior  bleach-liquor  as  follows  : — A  solution  of 
bleaching-powder  is  decomposed  by  sodium,  potassium,  or  mag- 
nesium sulphate,  and  sodium  carbonate  is  added  until  all  the  lime 
has  been  precipitated.  [This  is  without  doubt,  if  sodium  or 
potassium  sulphate  is  used,  exactly  the  same  as  a  solution  of 
sodium  hypochlorite  made  directly  by  adding  Na^COg  to  bleaching- 
powder  solution.  If  magnesium  sulphate  is  used,  most  of  the 
magnesia  would  also  be  precipitated  by  the  sodium  carbonate.] 

The  following  analyses  refer  to  various  samples  of  sodium 
hypochlorite  occurring  in  the  French  trade — A  from  the  Paris 
market ;  S  from  Mal^tra's  works  at  Rouen ;  C  from  Bruges  (the 
latter  partly  decomposed)  ;  fi  and  G  contain  much  caustic  soda: — 

A.  B.  0. 

Degrees  Baum^  at  15° 21  322        296 

Chlorometric  degrees  (Gay-Lussac) . . .  29'2  47*05       32*0 

Available  chlorine grams  per  litre  92*78  149*5  101  *7 

Chlorine  as  chloride „  —  28*0        — 

Chlorine  as  chlorate     ...         „  —  trace        — 

Total  chlorine  „  101-50  177*5  169*68 

Sulphuric  acid  (as  sulphates)    „  16*82         —  — 

Total  soda     „  —  2667  1920 

C.  A.  Martin  (Dingl.  Journ.  ccxlv.  p.  46)  describes  an  "  inodorous 
bleach-liquor  '*  of  peculiar  composition.  The  following  solutions 
are  added  to  a  solution  of  bleaching-powder: — (1)  500  grams 
potassium  nitrate,  dissolved  in  10  litres  of  a  5-per-cent.  solution 
of  aluminium  sulphate  ;  (2)  100  grams  salicylic  acid,  dissolved  in 
1  litre  spirit  of  wine;  (3)  500  grams  potassium  nitrate  and 
500  grams  sodium  sulphate,  dissolved  in  5  litres  of  water.  This 
is  supposed  to  increase  the  bleaching  action  and  to  avoid  the 
ordinary  smell  of  chlorine- bleached  fabrics  [?]. 
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Barnett  and  Slade  (pat.  Oct.  3^  1872)  add  to  a  solution  of 
bleaching-powder  sufficient  solution  of  sodium  carbonate  to  pre- 
cipitate all  the  lime  as  carbonate,  and  pass  carbonic  acid  into 
the  decanted  clear  solution  till  all  the  bases  are  converted  into 
bicarbonates.  Thus  a  very  efficient  and  yet  mild  bleaching  and 
disinfecting  agent  is  obtained. 

The  ordinary  chloride  of  soda  is  a  colourless  or  faint-yellow  liquid, 
smelling  like  bleaching-powder  and  having  an  astringent  taste. 
Upon  vegetable  colouring-matters  it  shows  first  the  reaction  of  an 
alkali,  and  then  bleaches  them.  On  evaporation  in  vacuo  needle- 
shaped  crystals  are  said  to  be  obtained,  which  on  being  redissolved 
in  water  reproduce  the  original  bleach-liquor ;  but  when  this  is 
evaporated  in  the  air,  oxygen  escapes  and  potassium  chloride  and 
a  little  chlorate  remain  behind.  Acids  evolve  from  it  carbonic  acid 
and  chlorine;  in  the  air,  also,  it  decomposes  and  soda  crystals  are 
deposited. 

Chloride  of  soda  is  preferred  to  chloride  of  lime  in  the  bleaching 
of  linen  and  for  several  other  purposes. 

Chlorozone^ 

An  English  patent,  by  Count  Dienheim-Brochocki  (No.  4483, 
1876),  describes  the  following  bleaching-compounds.  He  passes 
cooled  and  dried  chlorine  through  a  solution  of  caustic  soda  or 
potash  cooled  down  to  10^  C,  and  in  24  hours  obtains  a  crystalline 
product  possessing  extremely  strong  bleaching  properties.  By  eva- 
porating the  mother  liquor  in  a  vacuum  more  crystals  are  obtained. 
Or  chlorine  is  passed  over  a  thin  layer  of  an  alkaline  carbonate 
spread  over  the  cooled  shelves  of  a  close  apparatus ;  the  issuing 
gas  is  passed  through  a  very  strong  solution  of  caustic  alkali. 
The  hypochlorite  obtained  here  is  mixed  with  the  partially  satu- 
rated carbonate  of  the  first  apparatus  ;  by  this  the  hypochlorite  is 
solidified,  as  the  carbonate  attracts  its  water  of  solution.  In  the 
place  of  that  carbonate  other  substances  having  a  strong  affinity 
for  water  may  be  employed.  The  product  is  said  to  preserve  its 
bleaching-properties  longer  than  any  liquid  hypochlorite.  It  may 
be  prepared  in  a  granulated  form  by  stirring  the  solution  just 
before  solidifying^  or  in  the  form  of  cakes  by  pouring  it  into  a 
mould  and  causing  it  to  solidify  by  the  application  of  ice.  The 
product  is  easily  packed,  as  in  the  solid  state  it  acts  neither  on 
metals  nor  on  organic  substances.    This  product  has  the  advantage 
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of  being  completely  soluble  in  water,  and  acting  very  uniformly 
on  the  fibre  without  injuring  it ;  its  economy  is  more  doubtful. 
It  consists  of  80  per  cent,  soda  crystals,  8*5  NaCl,  and  11'5 
sodium  hypochlorite.  The  commercial  product  (also  known  as 
" chlorozone ''  or  as  '* essence  de  Boulogne'*)  is  crystalline, 
resembling  soda,  smells  of  chlorine,  dissolves  in  water  without 
residue,  and  is  very  hygroscopic:  the  great  durability  claimed  by 
the  inventor  does  not  exist ;  for  a  sample  which  was  kept  for  some 
time  in  a  stoppered  bottle  showed  only  1*33  per  cent,  bleaching 
chlorine. 

A  second  patent  of  the  same  inventor's  (No.  2349,  1878) 
swarms  with  absurd  assertions,  accompanied  by  reaction-equations 
with  unequal  sides.  '^  Chlorozone,''  incomparably  better  than 
chlorine,  bleaching-powder,  or  hypochlorite  of  soda,  is  now  to  be 
prepared  by  passing  into  a  solution  of  caustic  alkali  a  mixture  of 
atmospheric  air  and  hypochlorous  acid,  made  by  treating  bleaching- 
powder  with  mineral  acids,  in  which  case  the  first  liberated 
chlorine  is  at  once  oxidized  by  atmospheric  air  to  hypochlorous 
acid  (!)•  If  this  is  allowed  to  act  on  caustic  soda  in  such  manner 
.that  the  **  hypochlorous  acid ''  remains  in  excess,  ^'  acid  chloro- 
zone ''  is  formed,  that  is,  a  solution  of  sodium  chlorate  and  free 
hypochlorous  acid;  otherwise  "alkaline  chlorozone,''  containing 
sodium  chlorite,  hypochlorite,  and  chloride  is  obtained.  Thus  the 
atmospheric  oxygen  can  be  made  to  double  or  even  treble  the 
bleaching-power  of  chlorine  by  the  action  of  chlorate,  &c.  1 

In  a  further  patent  (Germ.  pat.  34016)  Count  Dienheim- 
Srochocki  states  that  chlorine,  made  from  manganese  peroxide 
with  hydrochloric  acid  &c.,  is  nothing  like  so  good  and  cheap  as 
that  liberated  from  bleaching-powder  by  dilute  acids.  The  hypo- 
chlorous acid,  first  liberated  in  the  second  state,  splits  up  to  a 
great  extent  into  chlorine  and  oxygen.  The  mixed  gases  are 
passed  through  a  solution  of  sodium  sulphate  or  calcium  chloride, 
then  through  powdered  manganese  ore,  and  are  then  submitted  to 
the  influence  of  the  electric  current,  which  causes  the  oxygen  to 
be  quickly  ozonized  and  to  combine  again  with  the  chlorine. 
The  chlorine  oxides  thus  formed  are  passed  into  a  concentrated 
caustic-soda  solution  and  yield  a  product  of  great  bleaching- 
power.  Instead  of  the  electric  treatment,  two  separated  gaseous 
currents  may  be  employed,  viz.  one  of  ordinary  chlorine  and 
another  of  ozonized  oxygen. 


492  THE  CHLORINE  INDUSTRY. 

These  bleacbing-compounds  were  energetically  "  puffed  *'  by 
French  and  English  pamphlets,  articles  in  professional  journals 
and  newspaper  advertisements^  and^  unfortunately^  even  men  of 
undoubted  scientific  standing  were  induced  to  support  this  puflSng, 
although  with  a  certain  reserve.  This  naturally  led  to  an  ex- 
tensive sale  to  consumers.  But  the  absolute  nonsense,  both  of 
the  theoretical  views  and  of  the  alleged  practical  results  obtained 
with  chlorozone,  was  soon  proved  from  two  independent  sources. 
Lunge  and  Landolt  (Chem.  Ind.  1885^  p.  337)  showed  that  *'chlo- 
rozone,''  made  exactly  according  to  prescription,  is  nothing  but  a 
solution  of  free  hypochlorous  acid  in  a  solution  of  NaCl,  with 
small  quantities  of  free  chlorine  and  NaClO^,  but  without  a  trace 
of  chlorous  acid  or  chlorine  peroxide.  Another  sample,  prepared 
without  the  current  of  air,  proved  to  be  identical  with  the  former, 
as  might  have  been  expected.  In  the  same  way  analyses  of  the 
distillate  from  bleachiug-powder  and  sulphuric  acid  showed  no 
difference,  whether  air  was  passed  through  or  not. 

Soon  after  Storch  (Ber.  osterr.  Ges.  f .  Ford.  d.  chem.  Ind.  1885, 
p.  102)  published  an  investigation,  made  with  an  original  sample 
of  commercial  chlorozone,  evidently  the  ''  alkaline  *'  variety, . 
whereas  that  prepared  by  myself  and  Landolt  was  '^  acid  "  chlo* 
rozoue.  Storch  found  sodium  hypochlorite,  chloride,  and  free 
hydrate,  a  little  more  of  the  latter  than  in  ordinary  Eau  de  Javel. 
The  bleaching-action  was  slower  than  that  of  the  latter;  the 
results  were  identical  when  much  free  alkali  was  added  to  Eau  de 
Javel. 

Since  these  papers  were  published  the  advertisements  respecting 
'^  chlorozone  "  have  disappeared  trom  the  columns  of  professional 
journals. 

Osterberger  and  Capelle  (Monit.  Scient.  1890,  p.  1137)  have 
analyzed  two  samples  of  commercial ''  chlorozone ''  (A,  B)  and  of 
"chlorogen^'  (C),  as  follows: — 

A. 

Degrees  Baume , . .     24 

„       Gay-Lussac     36'4 

Available  chlorine,  grams   per  litre  117*68 

Inactive  chlorine  „  „  29'96 

Sodium  carbonate        „  „  17*34 

Sodium  hydrate  „  „  19*58 


B. 

0. 

15-5 

211 

33-8 

29-8 

107-40 

94-70 

1620 

24-99 

37-85 

88-94 

408 

4-90 
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This  once  more  proves  that  those  articles   are  nothing   but 

ordinary  solutions  of  *'  chloride  of  soda/'  which  always  contain 

some  free  alkali  to  make  them  fitter  for  carriage^  and  that  all 

assertions  going  beyond  this  are  simply  deceptions  practised  on 

the  consumers. 

Magnesia  Bleach-liquor, 

This  can  be  made  by  decomposing  a  solution  of  bleaching-powder 
with  Epsom  salts  and  decanting  from  the  gypsum  formed.  It  has 
been  proposed  for  bleaching  by  Claussen^  and  again  by  Ramsay ; 
it  is  said  to  bleach  more  rapidly^  and  not  to  turn  straw,  ilax^  hemp, 
&c.  brown,  as  it  is  free  from  lime;  but  it  suffers  decomposition 
more  quickly  than  chloride  of  lime.  The  separated  magnesia  does 
not  at  all  injure  the  fabrics  (BoUey  and  Jokisch,  Schweiz.  polyt. 
Zeitschr.  1866,  p.  120).  Such  a  liquor  was  patented  by  Oliver, 
Grantham,  Sinnock,  and  Leversou  (No.  2351,  1861),  without 
adding  anything  new.  F.  Hodges  has  shown  that  a  liquor  of  the 
same  kind  (prepared  from  ordinary  bleaching-powder  and  kieserite) 
can  bleach  linen  fabrics  without  exposure  on  grass,  if  they  have 
previously  been  steeped  in  a  hot  solution  of  sodium  carbonate. 

Balard  prepared  a  bleaching-liquor  by  dissolving  magnesia  in 
aqueous  hypochlorous  acid;  Grouvelle  by  passing  chlorine  into 
magnesia  suspended  in  water. 

None  of  these  solutions  had  been  more  closely  investigated 
until  Lunge  and  Landolt  (Chem.  Ind.  1855,  p.  340)  undertook 
this  task.  They  tried  first  to  prepare  a  bleaching-magnesia,  analo- 
gous  to  bleaching-powder,  by  treating  solid  magnesium  hydroxide 
with  chlorine,  either  in  the  dry  or  in  the  moist  state ;  but  they 
did  not  obtain  anything  fit  for  use,  viz.  a  mass  with  only  0'15 
«v«ilable  and  4*8  chloride-chlorine. 

Now  chlorine  was  passed  into  a  milk  of  magnesium  hydroxide 
and  water,  at  temperatures  between  QP  and  100®.  Even  at  0°, 
together  with  magnesium  hypochlorite,  much  chlorate  was  formed, 
more  than  corresponding  to  half  of  the  chlorine  entering  into  the 
reaction.  At  15^  a  little  more  chlorate  was  formed,  together  with 
much  hypochlorate,  some  of  which  was  changed  into  chloride, 
with  evolution  of  oxygen.  In  both  solutions  the  hypochlorite  is 
easily  converted  into  chlorate,  not  merely  by  heating  to  50%  but 
even  by  prolonged  agitation  by  a  current  of  air  at  ordinary  tem- 
peratures.    At  70°  C.  from  the  first  mostly  chlorate  was  formed^ 
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with  a  little  cbloride^  produced  by  loss  of  oxygen.  Hence  mag. 
nesium  hypochlorite  in  statu  nascendi  does  not  possess  much 
stability  and  is  easily  transformed  into  chlorate. 

Very  different  from  this  is  the  behaviour  of  a  product  obtained 
by  decomposing  a  solution  of  bleaching-powder  with  magnesium 
sulphate.  Here  no  conversion  of  hypochlorite  into  chlorate  occurs, 
a  very  slight  production  of  MgClg  by  loss  of  oxygen  is  observed^ 
but  no  splittiug  off  of  free  HOCl. 

The  stability  of  this  bleaching-solution  is  almost  equal  to  that 
of  bleaching-powder  solutions.  Kept  in  closed  vessels  in  the  dark^ 
it  had  lost  only  ^  of  its  available  chlorine  after  keeping  for 
33  days;  kept  open  in  the  dark,  no  change  was  observed  after 
6  days^  and  after  33  days  a  loss  of  not  quite  ^  of  bleaching, 
power.  Kept  in  closed  bottles  in  diffused  daylight^  the  stability 
of  this  solution  was  superior  to  that  of  all  other  bleach-liquors ; 
after  33  days  ^^  of  the  available  chlorine  was  still  present.  This 
is  therefore  a  very  good  bleaching-solution,  if  kept  from  the 
light. 

Zinc  Bleach-liquor. 

If  a  solution  of  zinc  sulphate  be  added  to  a  solution  of  bleaching* 
powder^  calcium  sulphate  is  precipitated^  and  the  zinc  hypochlorite 
formed  at  once  splits  up  into  zinc  oxide  and  a  solution  of  free 
hypochlorous  acid.  Zinc  chloride  acts  similarly ;  for  a  saturated 
solution  of  zinc  in  stroug  hydrochloric  acid  decomposes  as  much 
bleaching-powder  as  half  its  weight  of  concentrated  oil  of  vitriol 
(Varrentrapp).     The  reaction  must  be 

CaOCl,  4-  ZnCla = CaCl,  +  ZnO  +  2Cl. 

Accordingly  these  zinc  salts  can  be  employed  for  liberating 
chlorine  from  bleaching-powder  without  the  use  (often  objection- 
able) of  strong  acids^  and  thus  bleaching  very  quickly.  When  this 
mixture  is  employed  in  bleaching  paper-pulp,  the  precipitated 
calcium  sulphate  and  zinc  oxide  remain  in  the  pulp.  This  solution 
was  introduced  by  Sacc  (Wagner's  Jahresb.  1859,  p.  548),  and  has 
been  recommended  by  Varrentrapp  {ib.  1860,  p.  189). 

Balard  also  treated  zinc  oxide  with  a  solution  of  hypochlorous 
acid,  but  obtained  only  a  very  unstable  product ;  Grouvelle  treated 
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zinc  oxide  with  water  and  chlorine  and  equally  obtained  only  a 
very  unstable  solution.     Neither  makes  any  mention  of  chlorate. 

Lunge  and  Landolt  (Chem.  Ind.  1885^  p.  341)  have  investigated 
these  solutions  more  closely.  No  solid  bieaching-compound  can 
he  obtained  with  them,  no  more  than  with  magnesia  (p.  493). 
When  treating  zinc  oxide,  suspended  in  water,  with  chlorine  at 
15^  C.  much  chlorate  is  formed^  together  with  hypochlorite,  but 
not  quite  so  much  as  in  the  case  of  magnesia.  On  heating  this 
liquid,  or  on  passing  in  the  chlorine  at  a  higher  temperature,  the 
formation  of  chlorate  is  much  larger,  but  in  the  presence  of  an 
excess  of  zinc  oxide  a  considerable  quantity  of  hypochlorite  is  pro- 
duced, even  at  70°  and  100°  C.  While,  therefore,  zinc  hypochlorite 
resists  the  transformation  into  chlorate  somewhat  better  than  the 
magnesium  salt,  it  has  a  greater  tendency,  in  the  absence  of  an 
excess  of  zinc  hydroxide,  to  split  up  into  chloride  and  oxygen. 

This  is  confirmed  by  the  behaviour  of  the  bleach-liquor  obtained 
by  adding  a  solution  of  ZnSO^  to  one  of  bleaching-powder.  Here 
no  smooth  double  decomposition  takes  place,  but  the  available 
chlorine  decreases,  part  of  the  zinc  hypochlorite  at  once  splitting 
up  into  ZnClj  and  free  oxygen.  There  is  also  some  formation  of 
free  HOCl  with  precipitation  of  zinc  oxide  or  oxychluride. 

The  zinc  bleach-liquor  is  less  stable  than  those  previously 
described.  Even  when  kept  in  closed  bottles  in  the  dark  it  begins 
to  lose  strength  from  the  first  day,  and  on  the  15th  day  ^  of 
the  bleaching-chlorine  has  disappeared.  The  further  decrease  is 
slower,  and  even  on  the  33rd  day  not  much  greater.  The  liquor 
when  kept  open  in  the  dark  gradually  lost  its  bleaching-power 
during  the  whole  period,  about  ^  of  it  being  left  on  the  33rd  day. 
On  keeping  it  in  closed  bottles  in  diffused  daylight  the  decrease 
of  bleachiug-power  was  quite  steady  and  much  stronger,  so  that 
on  the  33rd  day  only  I  remained. 

Alumina  Bleach-liquor. 

Orioli  (Wagner's  Jahresb.  1860,  p.  188)  recommended,  espe- 
cially for  paper-mills,  a  bleach-liquor  made  by  decomposing  equi- 
valent quantities  of  a  solution  of  bleaching-powder  and  aluminium 
sulphate ;  this  had  been  known  for  many  years  as  Wilson's  bleach- 
liquor.     Gypsum  is  thrown  down^  and  aluminium  hypochlorite 
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remains  dissolved.  This  is  very  unstable^  and  hence  can  be 
employed  for  bleaching  without  adding  an  acid^  splitting  up  into 
aluminium  chloride  and  active  oxygen.  Consequently  the  liquid 
always  remains  neutral^  and  the  difficulty  caused  by  the  obstinate 
retention  of  free  acid  in  the  fibre,  by  which  it  is  strongly  acted 
upon  on  drying,  in  this  case  does  not  exist.  The  aluminium 
chloride  also  acts  as  an  antiseptic,  so  that  the  paper  stock  can  be 
kept  for  many  months  without  any  fermentation  or  other  decom- 
position. The  solution  is  allowed  to  act  for  ten  minutes  in  the 
rag-beating  engine.  In  the  case  of  fabrics,  yarns,  &c.  a  solution 
of  4  parts  aluminium  hypochlorite  in  200  water  is  employed,  and 
the  stuff  left  in  it  for  two  or  three  hours.  This  solution  can  also 
be  employed  for  preserving  animal  substances,  embalming,  &c.,  as 
the  aluminium  chloride  forms  very  stable  compounds  with  the 
albuminoid  and  colloid  bodies  and  destroys  the  germs  of  putre- 
faction. Lastly,  it  is  also  applicable  as  a  mordant  in  dyeing  in 
lieu  of  aluminium  acetate,  as  the  hypochlorous  acid  readily  escapes 
and  the  alumina  remains  combined  with  the  fibre. 

Grouvelle  stated  that  aluminium  hydrate,  suspended  in  water,  is 
not  dissolved  by  chlorine.  Lunge  and  Landolt  (Chem.  Ind.  1885, 
p.  342)  confirm  this;  their  experiments  show  the  improbability 
of  even  a  merely  temporary  formation  of  aluminium  hypochlorite 
taking  place.  Nevertheleiss  this  compound  exists  in  the  solution 
prepared  according  to  Orioli^s  instructions,  which  they  examined 
more  closely.  They  found  that  here,  as  in  the  case  of  zinc,  some 
free  hypochlorous  acid  is  split  off  at  once,  which  accounts  for 
the  great  bleaching-power  of  these  solutions  and  their  want  of 
stability.  The  solution  kept  very  well  when  preserved  in  closed 
vessels  in  the  dark,  like  the  hypochlorites  of  calcium  and  mag- 
nesium (contrary  to  the  behaviour  of  the  zinc  compound) ;  but 
when  kept  in  the  dark  in  open  vessels  it  lost  half  of  its  bleaching- 
power  within  33  days,  that  is  exactly  as  much  as  the  zinc  solution, 
and  no  doubt  from  a  precisely  similar  cause,  viz.,  through  the 
evaporation  of  free  hydrochlorous  acid^  which  constantly  forms 
again.  On  keeping  in  closed  bottles  in  diffused  daylight  it  lost 
i  of  its  bleaching-power  within  33  days,  again  just  the  same  as 
the  zinc  (and  the  bleaching-powder)  solution. 

R.  Weiss  (Germ.  pat.  38048)  prepares  bleach-liquor  by  passing 
chlorine  into  a  solution  of  sodium  aluminate,  or  into  calcium 
or  magnesium  aluminate  suspended  in  water. 
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The  presence  of  free  hypochlorous  acid  in  the  solutions  of  zinc 
and  aluminium  hypochlorite,  which  is  not  found  in  the  solutions 
of  calcium  and  magnesium  hypochlorite^  was  also  very  clearly 
proved  by  the  bleaching-tests  made  by  Lunge  and  Landolt  {loc.  cii, 
p.  345).  They  submitted  cloth,  dyed  with  Turkey-red,  to  the 
various  solutions,  under  the  same  conditions  and  at  the  same 
chlorometric  degree.  The  red  colour  was  found  discharged  ia 
solution  of  chloride  of  lime  after  48  hours,  in  magnesia  bleach- 
liquor  after  36  hours,  in  zinc  bleach-liquor  after  1^  hours,  in 
alumina  bleach-liquor  after  3^  hours.  The  same  speed  of  bleaching 
could  be  attained  in  the  first  two  liquors  by  means  of  carbonic  acid 
or  dilute  acetic  acid,  which  set  some  HOCl  free. 
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CHAPTER  XXIT. 


THE  CHLORATES. 


Chlorate  of  Potash. 

Potassium  chlorate,  according  to  Kopp's  Gesch.  der  Chemie,  iii. 
p.  362,  seems  to  have  been  prepared  already  in  the  17th  century, 
as  is  proved  by  two  passages  in  Glauber's  writings ;  but  its  nature 
was  not  recognized,  Glauber  taking  it  for  saltpetre.  Its  real  dis- 
covery and  investigation  are  due  to  Berthollet,  1786-88.  Gay- 
Lussac,  Graham,  and  others  gave  prescriptions  for  its  preparation ; 
but  only  that  of  Liebig  made  its  manufacture  on  a  large  scale 
economically  possible.  Since  then  this  salt  has  entered  into  the 
cycle  of  alkali-making,  because  its  manufacture,  like  that  of 
bleaohing-powder,  formerly,  before  the  development  of  electro- 
lysis, was  only  possible  in  connexion  with  the  preparation  of 
saltcake  from  common  salt  and  sulphuric  acid.  Certainly  much 
fewer  works  make  chlorate  than  bleach;  the  former  belongs  to 
the  finer  chemicals,  which  as  a  rule  leave  a  larger  margin  of  profit 
than  articles  made  in  large  quantities  but  which  are  only  saleable 
to  a  restricted  extent  and  can  only  be  made  with  much  more 
trouble  and  care.  It  is,  for  instance,  a 
condition  in  trade  that  chlorate  of  potash 
should  not  contain  more  than  0'05  per 
cent,   chlorine   as  chlorides,  or   should 

consist  of  99'9  per  cent,  chemically  pure 
KCIO. 

Potassium  chlorate  forms  transparent 
brilliant  crystals  of  the  monoclinic  system 
(fig.  163).  The  two  prevailing  prisms 
form  apparent  rhombohedra.  Large 
crystals  are  rarely  found ;  the  salt,  as 
sold,  is  in  small  iridescent  laminae  and 
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CHLORATE  OF  POTASH.  499 

plates.  When  crystallizing  from  liquors  containing  very  mucli 
calcium  chloride  (as  in  the  crude  crystals  made  at  the  factories) 
it  shows  an  entirely  different  habit,  viz.  small^  pointed^  needle- 
shaped  crystals.  This  is  caused  by  a  different  development  of 
certain  faces  of  the  crystals  without  any  alteration  of  the  crystaU 
lographic  character. 

It  is  softer  than  rock-salt;  its  specific  gravity  is  2*326-2*33. 
It  does  not  change  in  the  air^  has  a  coolings  astringent,  and  nitre- 
like taste.  In  large  quantities  it  acts  as  a  poison^  like  all  potassium 
salts.     Its  chemical  composition  is  : — 

K 3913=  31*92  per  cent. 


CI 35*46=  28*92 

30 48      =  39*16 


99 


KC10«= 122*59     100*00 


'3 


Potassium  chlorate,  according  to  Pohl  (Liebig^s  Jahresb.  1851, 
p.  59),  fuses  at  334i°  C.  without  losing  oxygen ;  but  it  decomposes 
at  352^  with  effervescence,  more  rapidly  at  red  heat,  partly  splitting 
up  into  potassium  chloride  and  oxygen,  and  partly,  unless  the  heat 
is  too  high,  into  potassium  chloride  and  perchlorate ;  on  further 
heating  the  latter  also  splits  up  into  KCl  and  O.  The  oxygen 
made  from  potassium  chlorate  always  contains  a  little  chlorine, 
free  or  combined.  According  to  Camel  ley  (Chem.  Soc.  Journ. 
1878,  ii.  p.  277),  its  fusiug-point  is  359°  C;  the  temperature 
at  which  it  begins  to  decompose  must  be  a  little  higher. 

Potassium  chlorate  is  soluble  in  water,  heat  being  absorbed. 
According  to  Gay-Lussac,  100  parts  of  water  dissolve 

At    ^     13°-32  16°'37    2A9AZ  35°02   49°-08    74o-89    KH^'TS 

3-33  5*60   603    8'44   12-05  18*96  35*40  60*24pts.  by  weight. 
According  to  Girardin, 

At    28°       35°        40*'        47°        65° 

9*5     12*3     14-4     18  3     29*  1  parts  by  weight. 

Consequently  its  solubility  increases,  especially  above  b(f,  at  a  much 
higher  rate  than  the  temperature.  The  saturated  solution  boils  at 
105°  (Kremers).  Specific  gravity  of  the  solution  at  19°'5  (experi- 
ments by  Kremers,  calculated  by  Gerlach) : — 

Peroetit.KC10,...    1.  2.        3.        4.        5.        6.        7.        8.        9.       10. 

Sp.gr 1-007  1-014  1-0-20  1026  1033  1039  1046  1062  1-059  1-066' 

2k2 
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In  absolute  alcohol  it  is  insoluble^  in  spirit  of  wine  very  little 
soluble,  and  the  less  so  the  stronger  the  spirit. 

The  heat  of  formation  of  potassium  chlorate  from  its  elements 
is  +94'6,  but  from  KCl  and  Os  it  is  — 110  calories  (for  sodium 
chlorate  the  figures  are  +85*4  and  —12*3  respectively). 

The  following  methods  have  been  indicated  for  the  preparation 
of  chlorate  of  potash : — 

1.  That  of  Gay-Lussac.  A  solution  of  one  part  of  potassium 
hydrate  in  3  parts  of  water  is  completely  saturated  with  chlorine 
gas^  allowed  to  staud  for  a  few  days,  and  then  heated  to  ebullition 
so  as  to  decompose  the  hypochlorite : 

6K0H  +  6C1 = 5KC1  +  KClOj + 8Ufi. 

According  to  Morin  (Ann.  Chem.  Phys.  xxxvii.  p.  154),  only 
1  equivalent  of  potassium  chlorate  to  18  of  chloride  is  obtained, 
because  on  evaporating  the  solution  much  oxygen  escapes.  Instead 
of  caustic  potash  a  solution  of  potassium  carbonate  may  be  satu* 
rated  with  chlorine  gas;  but  this  is  much  more  difficult,  and  causes 
much  loss  of  chlorine  and  hypochlorous  acid,  for  which  reason 
caustic  potash  is  preferable.  In  either  case  a  very  large  quantity 
of  potassium  hydrate  or  carbonate  is  converted  into  the  much  less 
valuable  chloride,  which  is  also  very  difficult  to  separate  from 
chlorate ;  and  hence  this  process  does  not  possess  any  technical 
interest. 

2.  Graham  (Phil.  Mag.  xviii.  p.  518)  proposed  to  save  potash  by 
saturating  an  intimate  mixture  of  1  equivalent  of  potassium  car- 
bonate and  1  of  dry  calcium  hydrate  (i.  e.  100  K^COs  +  the  hydrate 
from  40  CaO)  with  chlorine.  The  absorption  takes  place  quickly, 
the  temperature  rising  to  100^  C.  and  the  water  being  evaporated. 
The  saturated  mass  is  heated  in  order  to  decompose  all  hypochlorite 
and  extracted  with  water;  potassium  chlorate  and  chloride  are 
dissolved,  and  calcium  carbonate  remains  beliind.  This  process  is 
also  not  applicable  in  industry,  compared  with  Liebig's ;  neither  is 
this  the  case  with  a  proposal  made  by  Grace  Calvert  as  late  as 
1850,  for  passing  chlorine  into  a  heated  mixture  of  caustic-potash 
liquor  and  lime  (Chem.  Soc.  Quart.  Journ.  iii.  p.  106). 

3.  From  bleaching-powder.  Liebig  proposed  (Mag.  Pharm.  xxxv. 
p.  225)  to  grind  up  10  parts  of  ordinary  bleaching-powder  with 
water,  and  evaporate  to  dryness.  Thus  a  mixture  of  calcium 
chlorate  and  chloride  is  formed,  which  is  dissolved  in  water,  filtered 
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and  miiced  with  1  part  of  potassium  chloride^  and  evaporated  to 
dryness.  But  in  this  ease  there  is  a  considerable  loss  by  evolution 
of  oxygen  in  evaporating  (comp.  p.  419). 

4.  The  only  technically  available  process  was  also  indicated  by 
Liebig  (Ann.  Pharm.  xli.  p.  307).  His  prescription  is  to  make  1 
molecule  of  potassium  chloride  and  3  of  quicklime  into  a  thin  paste 
with  water,  to  saturate  this  with  chlorine,  filter,  and  to  obtain  from 
the  solution,  which  contains  only  potassium  chlorate  and  calcium 
chloride,  the  former  by  crystallization.  The  process  now  employed 
on  the  large  scale  difEers  from  this  only  in  the  potassium  chloride 
being  added  at  a  later  stage,  usually  only  after  completely 
saturating  the  lime  with  chlorine. 

5.  During  the  last  few  years  the  preparation  of  chlorate  by 
electrolysis  has  become  extremely  important.  It  will  be  described 
in  Cliapter  XXIX. 

In  this  place  we  shall  only  describe  the  manufacture  of  chlorate 
of  potash  (and  soda)  by  Liebig's  process,  which  was  introduced 
into  England  in  1847,  and  is  even  now  the  only  one  used  at  all 
works  except  those  employing  electrolysis.* 


Manufacture  of  Chloratb  of  Potash  by  Liebig's  Process, 

This  manufacture  embraces  the  following  operations  : — 

1.  Manufacture  of  chlorine. 

2.  Absorption  of  chlorine  by  lime. 

8.  Evaporation    of   the  liquor,  after  converting  the  calcium 
chlorate  into  potassium  chlorate. 

4.  First  crystallization. 

5.  Utilization  of  the  mother  liquor. 

6.  Recrystallizing  (refining)  the  crude  salt. 

*  The  description  given  in  the  following  pages  is  principally  foundad  on  my 
personal  observations  and  experience,  as  already  set  forth  in  the  first  edition 
of  this  book,  but  of  course  with  full  regard  to  all  that  has  been  added  in  the 
ineantime.  A  monograph  on  this  subject  by  K.  W.  Jurisch  ('  Die  Fabrikation 
von  chlorsaurem  Kali  und  anderen  Chloraten/  Berlin,  1888)  has  likewise  been 
consulted,  so  far  as  it  contains  useful  information.  Most  of  it  consists  of  an 
extremely  minute  description  of  Messrs.  Muspratt's  works,  with  needless  details 
of  apparatus  and  of  laboratory  and  warehouse  books.  Every  note  taken  from 
it  is  here  duly  acknowledged.  1  have  also  made  nse  of  P^hiney's  article  in 
Ff^my's  '  Encyclopedie  Uhimiquei'  tome  v.  section  i.  2nd  part,  pp.  189  to  210. 
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1.  Manufacture  of  Chlorine, 

This  is  performed  exactly  as  in  the  manufactnre  of  bleaching^ 
powder,  and  more  especially  of  bleach-liquor.  Dilute  Deacon 
chlorine  can  be  usecl  here  with  great  advantage,  because  it  requires 
no  drying  with  sulphuric  acid,  just  as  in  the  case  of  bleach-liquor 
(p.  484),  and  because,  moreover,  a  contamination  with  carbonic 
acid  (p.  410)  is  of  no  importance  in  this  case. 

2.  Preparation  of  Chlorate  of  Lime. 

The  apparatus  in  which  chlorine  gas  is  made  to  act  upon  milk  of 
lime,  in  order  to  prepare  calcium  chlorate,  may  be  of  very  different 
shape  and  consist  of  different  material.  In  most  cases  they  are 
constructed  in  such  a  way  that  the  chlorine  enters  under  a  very 
slight  pressure,  and  acts  only  on  the  surface  of  the  liquid,  which, 
however,  is  only  then  sufficient  if  that  surface  is  constantly  re- 
newed. Apparatus  constructed  for  greater  pressure,  in  which  the 
chlorine  is  to  be  introduced  below  the  surface  of  the  liquid,  must 
be  worked  with  contrivances  for  pressure  or  aspiration  which 
render  the  work  very  complicated,  and  which  have  nearly  every- 
where turned  out  impracticable. 

The  apparatus  for  manufacturing  calcium  chlorate  altogether 
resemble  in  their  principles  those  in  which  bleach-liquor  is  made 
(p.  483  et  seq.).  Thedifference  between  both  kindsof  operation  does 
not  at  all  lie  in  the  apparatus,  nor  even  in  the  quantities  entering 
into  reaction  (it  is  always  2C1  for  lCa02H2),  but  exclusively  in 
the  way  the  process  is  conducted.  If  the  reaction  is  to  be  carried 
only  to  he  formation  of  hypochlorite,  the  temperature  must  be 
kept  low  aiiu  no  excess  of  chlorine  must  ever  be  present;  the 
contrary  conditions  are  valid  for  the  formation  of  chlorate,  but 
even  here  the  temperature  must  not  rise  too  high,  and  the  excess 
of  chlorine  is  utilized  later  on. 

The  oldest  style  of  apparatus,  long  out  of  use,  is  described  and 
illustrated  in  our  first  edition,  vol.  iii.  p.  295  et  seq.  Jurisch 
(p.  13  et  seq.)  describes  the  equally  antiquated  stone  "  octagons/' 
which  name  has  been  very  strangely  transferred  at  some  English 
works  to  the  cast-iron  cylinders  wliich  have  everywhere  replaced 
the  former.  There  is  no  object  served  in  employing  stone,  as  the 
presence  of   lime  protects  the  cast-iron  against  the  action  of 
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chlorine.  Jurisch  (p.  27  et  seq.)  also  gives  a  minute  description 
of  an  absorbing  vessel,  adopted  from  Kuhlmann^s  works  (Clark's 
Engl.  pat.  No.  1181,  1880),  in  which  the  chlorine  enters  just  over 
the  bottom  of  the  vessel,  and  is  made  to  travel  upwards  in  a  spiral 
course  by  an  inverted  spout  attached  to  the  sides.  This  plan  greatly 
promotes  the  absorption.  Such  apparatus  cannot  be  properly 
constructed  otherwise  than  of  iron  lined  with  lead ;  at  Kuhlmann's 
works,  where  it  was  used  for  making  bleach-liquor,  and  therefore 
worked  at  lower  temperatures,  it  seems  to  have  been  very  efficient, 
but  even  there  it  has  long  since  been  replaced  by  the  apparatus 
described  on  p.  485.  In  the  case  of  calcium  chlorate,  where  the 
temperature  must  rise  much  higher,  such  leaden  apparatus  has 
proved  a  failure,  as  can  be  seen  from  Jurisch's  own  statement 
(p.  30).  At  all  events  it  involves  mechanical  aspiration  of  the 
chlorine  by  an  exhauster,  working  under  a  pressure  of  10  inches 
of  mercury ;  the  eflfective  vacuum  in  the  apparatus  still  amounted 
to  4  inches  mercurial  pressure,  or  54  inches  water  pressure.  We 
need  not  detain  ourselves  with  a  detailed  description  of  this 
apparatus,  as  nobody  will  be  tempted  to  introduce  it  nowadays. 

The  following  is  a  description  of  an  apparatus  employed  by 
myself  for  the  production  of  chlorate  of  potash  on  the  large  scale. 
Figs.  164  and  165  show  the  apparatus  for  manufacturing  the 
crude  salt.  The  dimensions  as  given  below  suffice  for  making 
7  or  8  cwt.  of  chlorate  in  24  hours ;  but  more  cylinders  may  be 
combined  together,  and  a  correspondingly  larger  production  ob- 
tained. A'  A^'  A^'^  are  the  absorbing  cylinders ;  B  is  the  main 
gas-pipe,  C  the  reserve  absorber,  D  the  return  gas-pipe ;  E  E  are 
the  settlers  for  the  calcium  chlorate ;  G  is  the  steam-engine ;  H 
a  pump  for  the  chlorate  liquid  from  the  well  I ;  K  a  tank  for 
concentrated  chlorate  liquor,  L  another  for  washings;  MM  boiling- 
duwn  pans  for  chlorate  liquor;  t  i,  crystallizing- vessels  for  crude 
salt ;  O  O,  drainers  for  the  same ;  P  P,  catch-wells  for  any  salt 
carried  away  on  running-ofF  the  mother  liquors ;  Q  a  pan  (heated  by 
the  waste  heat  of  the  pans  M  M)  for  dissolving  any  crusts  and  mud 
of  chlorate  and  running  this  solution  straight  into  the  pans  M  M. 

The  absorbers  A'  A^'  A^''  are  made  of  cast  iron,  even  stone 
covers  have  been  mostly  abandoned.  The  details  of  their  con- 
struction can  be  seen  from  fig.  166  (sectional  elevation)  and  fig.  167 
(top  view).  They  are  10  feet  wide  and  5  ft.  G  in.  high ;  the  bottom 
and  top  are  each  made  in  one  piece,  the  shell  in  segments;  all 
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joints  are  made  vith  flanges  and  screwbolU  and  rust-cement. 
The  metal  is  oulj  one  inch  thick ;  but  the  flanges  are  atrengthened 
in  the  usual  way ;  and  so  is  the  top  by  six  radial  ribs.  There  are 
three  6-inch  openings  in  the  top   {a,  6,  c),  for  introducing  and 

Fi?.  166. 


taking  away  the  chlorine;  another,  d,  is  for  the  man-hole,  e 
for  the  central  agitating. shaft,  a,  b,  c,  and  e  are  each  titted  with 
two  concentric,  upright,  cast-iron  flanges,  forming  a  6-inch  water- 
lute.  When  no  gas-pipe  is  connected  with  them,  a,  b,  and  c  are 
closed  by  caps  of  cast-iron,  earthenware,  &c.     The  oval  man-hole 
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d  (18  X  T5  in.)  i^. -fitted  with  an  iober  margin  of  strong  sheet-lead 
reaching  6  or  6  iaches  downwards  and  forming  s  water-lute  when 
the  cylinder  ie  filled ;  apart  from  this  the  man-hole  is  alwaysopen, 
so  that  observations  can  be  made  at  any  time,  samples  drawn,  and 
Rg.  167. 


hydrate  of  lime  put  in.  The  central  opening,  e,  also  forma  a  water- 
lute ;  in  this  the  shaft  h  rotates  pias-tight  without  any  stuffing-box, 
by  means  of  a  cup  n  fastened  to  it.  The  shaft  A  is  made  of  wrought 
iron,  4  inches  square,  turned  round  in  the  gudgeons  ;  it  is  guided 
by  two  castings  (//)  bolted  to  the  top  flanges,  and  a  cross-bar  ff, 
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to  one  side  of  which  a  bearing  ^  is  cast ;  at  the  bottom  the  shaft 
A  rotates  in  a  footstep.  It  is  set  in  motion  by  conical  wheels  i  and  k 
(2  feet  and  1  foot),  h  is  attached  to  a  3-inch  shaft,  which  passes 
over  all  the  cylinders,  by  means  of  a  friction-clutch.  A  two-horse 
power  steam-engine  can  drive  six  such  agitators.  The  shaft  h 
carries  inside  the  agitating-arms  //  and  mm^  the  former  at  right 
angles  to  the  latter ;  they  are  made  a  little  slanting,  to  cut  better 
through  the  liquid.  Each  two  of  them  are  connected  by  the  cross 
arms  /'  and  m';  fig.  168  shows  a  horizontal  section  of  the  main 
shaft,  with  the  arms  attached.  In  the  bottom  there  p.  j^g 
is  a  cast-iron  3-inch  or  4-inch  discharge-cock  o. 

Such  large  cylinders  are  only  adapted  for  a  manu- 
facture on  a  somewhat  considerable  scale.  Smaller 
cylinders  are  usually  found  at  Continental  works 
(say  6  feet  in  diameter  and  3  feet  high).  They 
do  not,  however,  seem  to  work  so  well  as  the  large  ones;  for 
instance,  they  do  not  get  hot  enough  without  introducing  steam, 
which,  again,  dilutes  the  liquid.  Small  cylinders  should  have  a 
non-conducting  jacket,  while  in  large  cylinders  such  jackets  would 
cause  overheating. 

Three  or  more  cylinders  form  a  set,  which  always  work  together. 
By  means  of  the  5-inch  lead  or  earthenware  pipes  C,  the  chlorine 
can  be  sent  at  will  into  each  of  the  cylinders, — e.g.  A' (fig.  164),  by 
its  left-handed  water-lute  a,  which  corresponds  to  the  water-lute  a! 
on  the  pipe  B ;  a  and  a!  must  be  joined  by  a  movable  double  elbow- 
pipe,  or,  still  better,  by  the  contrivances  represented  on  figs.  103  to 
105,  p.  294  and  295.  The  gas  issues  from  e,  figs.  166  and  167  {b  only 
serves  in  special  cases),  and  passes  through  a  special  pipe  into  the 
opening  a  of  the  next  cylinder  k!'\  from  this  the  gas  passes  from  c  to 
a  in  k!'\  and  from  this  at  last  by  c  to  the  small  reserve  cylinder,  C, 
which  is  also  fitted  with  an  agitator,  and  which  stands  high  enough 
for  its  liquor  to  run  into  the  man-holes  of  the  cylinders  A',  S!'^  and 
S!".  When  A'  is  finished,  the  fresh  gas  is  admitted  into  k!\  and  A' 
charged  anew ;  the  gas  from  k!"  is  then  taken  back  to  A'  by  the 
4-inch  connexion-pipe  D.  The  cylinders  now  work  in  the  order  A'', 
A^'^  A^ ;  from  A^  the  gas  again  passes  by  a  4-inch  lead  pipe  to  C. 
It  is  obvious  that  the  work  goes  on  all  the  more  smoothly  and  well 
the  more  cylinders  work  together ;  six  is  a  very  good  number.  In 
this  case  the  chlorine  is  absorbed  almost  entirely  before  it  arrives 
in  C ;  but,  for  the  sake  of  safety,  C  should  be  connected  with  a  small 
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bleaching-powder  chamber  to  absorb  any  gas  escaping  from  the 
apparatus  in  consequence  of  an  accidental  stoppage  of  the  machinery , 
too  violent  an  evolution  in  the  stills^  &c.  The  bleach  made  there 
is  not  very  well  adapted  for  a  commercial  article,  but  is  used  in  the 
agitators  in  the  place  of  fresh  lime.  Where  bleaching-powder  is 
manufactured  along  with  chlorate,  a  branch  from  the  main  gas- 
pipe  should  go  direct  to  the  powder-chambers,  to  take  the  gas 
directly  there  during  any  stoppage  in  the  chlorate  department. 

The  absorbers  are  filled  up  to  10  inches  below  their  top  with 
water  or  weak  liquors  (washings  from  the  mud  of  former  opera- 
tions) ;  they  should  not  be  filled  any  higher,  because  the  lime  takes 
some  space,  and  the  bulk  of  the  liquid  is  expanded  by  the  heat 
and  by  the  water  condensing  from  the  chlorine ;  some  space  must 
always  remain  for  the  gas. 

Entirely  difEerent  from  the  above,  or  from  any  of  the  apparatus 
described  in  the  book  of  Jurisch^  is  that  which  is  at  work  at 
Messrs.  Pechiney,  at  Salindres,  and  which,  according  to  my 
personal  observations,  is  superior  to  all  others.  It  is  repre- 
sented in  figs.  169  and  170.  Fig.  170  shows  a  transverse  section 
through  one  of  the  vessels.  This  set,  which  produces  10  tons 
of  chlorate  per  week,  consists  of  five  vessels,  A  to  E,  with  semi- 
cylindrical  bottoms  and  straight  sides,  about  6  ft.  wide,  6  ft.  6  in. 
high,  and  6  ft  6  in.  long.  A  horizontal  agitating-shaft  passes 
through  the  two  straight  ends ;  the  blades  fixed  upon  this  shaft 
project  above  the  level  of  the  liquid,  which  has  an  excellent 
effect  in  forcing  the  chlorine  below  the  surface  of  the  milk  of 
lime.  The  shaft  turns  in  plain  stuffing-boxes  with  hemp  packing, 
which,  of  course,  must  be  pretty  frequently  Renewed.  The 
vessels  are  made  of  cast-iron,  and  are  surrounded  at  a  dis- 
tance of  2  inches  by  a  wrought-iron  jacket,  which  serves  for 
cooling  with  water — an  operation  more  necessary  in  the  south  of 
France  than  in  England  (comp.  notes  on  the  temperature,  p.  513 
et  seq.).  The  two  bottom  vessels,  A  and  B,  are  on  the  same  level; 
C,  D,  and  E  rise  by  steps,  and  all  of  them  are  connected  in  such 
manner  that  the  contents  of  the  upper  vessels  can  be  made  to  nin 
into  the  next  lower  vessel.  The  fresh  chlorine  enters  either  in  A 
or  5,  mostly  in  A,  and  travels  on  through  B,  C,  D  to  E ;  only 
when  A  has  been  run  off  it  goes  first  into  B,  and  thence  forward. 
The  complicated  gas-mains  and  contrivances  for  changing  the 
currents  required  in  other  descriptions  of  apparatus   are  quite 
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absent  here.  The  absorption  is  excellent;  although  E  directly 
communicates  with  the  air,  I  did  not  notice  any  smell  what- 
ever. As  soon  as  the  contents  of  A  are  finished  they  are  run 
off  by  a  bottom  tap;  then  all  connecting  taps  between  the  five 
vessels  are  opened,  and  at  the  same  time  fresh  milk  of  lime  is 
run  into  £,  so  that  the  contents  of  each  vessel  are  forced  into 
that  placed  just  below.  Thus  the  work  goes  on  with  great  sim- 
plicity and  regularity,  and  the  chlorides  never  exceed  5*5  to  1 
chlorate  (comp.  below). 

The  quantity  of  lime  must  be  in  a  certain  proportion  to  that  of 
the  water,  so  that  the  resulting  solution  of  calcium  chlorate  shows 
the  proper  concentration.  According  to  my  experience  the  best 
work  is  done  if  the  finished  liquor  does  not  exceed  25°  or  27°  Tw.; 
even  at  28°  Tw.  it  takes  too  much  time  to  finish.  Jurisch  (p.  23) 
talks  of  liquor  of  33°  Tw.,  but  on  p.  85  he  mentions,  that  at  the 
Widnes  works  29°  to  30°  was  thought  best,  and  26°  to  3l°Tw. 
were  considered  the  outside  limits.  At  the  Liverpool  works  of  the 
same  firm  they  worked  to  2°  less  [which  almost  exactly  agrees 
with  my  own  experience].  At  Kunheim's  works,  he  states,  they 
usually  work  up  to  .40°  or  44°  Tw.,  at  Pechiney^s  to  42° ;  but 
this  is  probably  an  error,  since  P^chiney  himself  {loc.  cit,  p.  211) 
states  24"  B.  (=  40^  Tw.),  or  60  to  70  grams  calcium  chlorate  per 
litre,  to  be  the  highest  attainable  strength. 

According  to  Pechiney  the  quantity  of  lime  varies  at  different 
works  between  50  and  100  grams  CaO  per  litre. 

For  each  cylinder  of  the  size  of  apparatus  shown  (pp.  406  and  407) 
85  cwt.  of  hydrated  lime  are  required,  which  should  be  thrown 
through  a  half-inch  sieve.  On  the  first  day  only  23  cwt.,  and  the 
next  day  12  cwt.  of  the  above  quantity  are  charged;  on  the  third 
day  usually  the  whole  contents  of  the  cylinder  are  changed  into 
chlorate. 

In  the  regular  course  of  working,  the  cylinder  just  charged  with 
lime  receives  gas  at  first  from  an  older  cylinder,  and  is  finished 
with  fresh  gas.  As  a  rule,  it  heats  only  when  receiving  fresh  gas, 
and  is  then  soon  finished  (in  from  12  to  24  hours).  At  first  the 
liquid  is  only  tepid ;  then  much  froth  appears  in  the  man-hole,  and 
the  temperature  rises  a  good  deal.  At  last  the  liquid  turns  pink ; 
and  now  the  froth  mostly  (but  not  always)  vanishes  again.  The 
operation  may  be  considered  finished  when  a  sample  taken  out  of 
•the  man-hole  settles  quickly  and  completely,  leaving  comparatively 
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little  sediment,  and  the  liquid  shows  a  deep  pink  colour,  smells  of 
chlorine  (no  longer  of  hydrochlorous  acid),  and  bleaches  litmus- 
paper.  So  long  as  it  is  not  finished  (i.  e.  contains  hypochlorite)  it 
gives  off  streams  of  chlorine  when  mixed  with  hydrochloric  acid 
cold;  afterwards  it  does  not  do  this.  Batches  of  24*^  Tw.  usually 
settle  better  and  of  a  darker  pink  than  those  of  28^.  The  pink 
colour  is  generaUy  ascribed  to  the  formation  of  permanganate  from 
manganese  mechanically  carried  over  or  contained  in  the  lime. 
Opl  (Dingl.  Joum.  ccxv.  p.  237)  and  Blunt  (Chem.  News,  xxxiv. 
p.  171)  assert  the  colouring-matter  to  be  calcium  ferrate;  but 
Davis  (Chem.  News,  xxxiv.  p.  183)  distinctly  asserts  the  presence 
of  manganese  in  all  pink-coloured  solutions  of  calcium  chlorate  and 
bleach-liquor,  as  well  as  the  direct  spectroscopical  proof  of  the 
presence  of  permanganic  acid.  Wagner  (Chem.  Zeitung,  xxxix. 
1893,  p.  1531 )  confirms  this  entirely.  When  working  with  materials 
quite  free  from  manganese,  the  pink  colour  is  not  produced. 
Bailey  and  Jones  (Journ.  Soc.  Chem.  Ind.  1893,  p.  232)  arrived  at 
the  same  result ;  materials  free  from  Mn  yielded  no  pink  solution, 
even  when  considerable  quantities  ot  iron  compounds  were  added, 
but  at  once  on  adding  a  trace  of  manganese.  The  ferrate  theory 
is  thus  entirely  refuted. 

As  soon  as  the  contents  of  a  cylinder  have  been  completely 
changed  into  chlorate,  according  to  the  tests  mentioned  above,  the 
gas  is  cut  off,  and  the  whole,  clear  liquor  and  mud  together,  is  run 
through  the  large  bottom-cock  into  the  settlers;  the  cylinder  is  at 
once  recharged  with  water  or  washings  and  lime,  and  is  cow  made 
the  last  of  the  set. 

When  a  cylinder  cannot  be  finished  all  at  once,  but  the  work 
must  be  interrupted  {e.ff,  on  account  of  Sunday),  it  takes  much 
longer  time  before  the  temperature  rises  and  the  chlorate  is  formed. 
In  such  cases,  heating  by  steam,  which  is  quite  unnecessary  other- 
wise, would  be  appropriate.  A  similar  thing  happens  if  instead  of 
water  or  weak  washings  a  concentrated  solution  is  employed,  and 
of  course  less  lime  is  added ;  here  also  the  liquid  does  not  heat  and 
will  not  turn  pink.  Hence  it  is  best  to  divide  such  concentrated 
liquors,  e.g.  that  of  the  reserve  cylinder  C,  among  several  absorbers. 
Without  a  certain  amount  of  heat  no  chlorate  is  formed,  but  only 

bleach-liquor : 

2CaO  +  4C1==  CaCla  +  Ca(OCl), ; 

the  calcium  hypochlorite,  when  more  chlorine  is  admitted,  decom- 
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-poses  into  chlorate  and  chloride  with  evolution  of  heat,  but  without 
-absorbing  any  more  chlorine  : 

3Ca(C10)3= CaCClOs),  +  2CaCl2 ; 

^o  that,  on  the  whole,  5  molecules  of  calcium  chloride  fall  to  1  of 
-chlorate.  Why  this  decomposition  is  complete  only  when  an 
excess  of  chlorine  is  present,  and  then  takes  place  without  much 
loss  of  oxygen,  is  not  known  with  absolute  certainty.  It  is  possible 
i;o  assume  that  the  excess  of  chlorine  with  the  hypochlorite  first 
forms  hypochlorous  acid : 

CaClaO,  +  4C1 = CaCla  +  2C180, 

-and  that  the  latter  oxidizes  a  further  quantity  of  calcium  hypo- 
<!hlorite  to  chlorate,  chlorine  being  liberated  again  : 

CaCljOg + 4C1,0 = CaClA  +  8C1 ; 

"but  such  an  assumption  of  simultaneous  absorption  and  evolution 
of  chlorine  in  the  liquid,  although  not  impossible,  can  only  be 
maintained  on  the  strength  of  distinct  data,  which  as  yet  are 
^wanting. 

The  process  never  goes  on  without  some  loss  of  oxygen.  Ac- 
cording to  the  equation  there  ought  to  be  in  the  finished  liquor 
•exactly  1  mol.  chlorate  to  5  mols.  chloride ;  but  it  is  very  rarely 
possible  to  get  below  5*3  mols.  of  the  latter ;  5*4  or  5*5  are  still 
acceptable,  but  even  5*6  to  5*8  mols.  chloride  occur  to  1  mol. 
chlorate.  In  the  French  works  the  absorbers  are  sometimes  pur- 
posely cooled,  to  lessen  the  loss  by  evolution  of  oxygen.  Since  of 
the  0*3  to  0*5  mol.  of  calcium  chloride  in  excess  a  portion  is  always 
to  be  accounted  for  by  the  hydrochloric  acid  never  absent  from 
chlorine,  very  little  remains  for  any  chloride  formed  by  loss  of 
oxygen  from  chlorate ;  but  during  the  hot  French  summers  possibly 
more  than  the  above  loss  may  occur  unless  the  liquid  is  cooled. 

Jurisch  states  (p.  25)  that  at  Muspratt's  works  the  temperature 
of  the  chlorate-liquor  went  up  to  35°  or  40°  C.  with  Weldon 
chlorine,  or  25^  to  30° C.  with  Deacon  gas;  the  latter  always 
required  more  time  for  settling.  He  considers  it  wrong  to  go 
much  above  40°  C,  as  in  this  case  oxygen  is  lost.  I  must  contradict 
this,  not  merely  from  my  own  experience  (with  Weldon  chlorine 
I  found  a  temperature  of  from  60°  to  70°  decidedly  necessary  in 
order  to  finish  the  liquor  without  too  great  loss  of  time),  but  also 
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from  that  gained  at  the  admirably  conducted  works  of  Messrs.. 
Pechiney^  where  I  was  informed  that  the  process  (also  with 
Weldon  chlorine)  was  also  conducted  at  65^  or  70^i  and  that  it 
was  a  rule  never  to  remain  below  50^,  because  in  this  case  the 
process  either  does  not  make  any  progress,  or  else  the  conversioii 
of  hypochlorite  into  chlorate  takes  place  all  at  once  with 
an  explosion-like  speed  and  great  rise  of  temperature.  In  his- 
above-mentioned  paper  (p.  198)  P^chiney  states  that,  when  the 
temperature  50^  or  55°  has  been  reached,  a  froth  of  oxygen  bubbles^ 
is  seen,  all  the  less  the  better  the  operation  proceeds.  But  the 
temperature  of  finishing  is  much  higher,  viz.  about  70^,  as  we  shall 
subsequently  see. 

We  must  go  even  further.  On  the  strength,  firstly,  of  the 
observations  at  P^chiney^s  works,  to  be  quoted  later  on,  according- 
to  which  the  temperature  must  rise  to  70°  in  order  to  convert 
nearly  all  the  hypochlorite  into  chlorate,  and,  secondly,  of  the  proof 
given  by  myself  and  Landolt  (see  below)  that,  apart  from  the 
reducing-action  of  metals,  the  loss  of  oxygen  in  boiling  proceeds- 
exclusively  from  the  decomposition  of  hypochlorite,  not  from  that 
of  chlorate,  we  may  distinctly  lay  down  the  facts  of  the  case  as- 
follows  : — If  the  statements  of  Jurisch  concerning  the  tempera- 
tures observed  at  Messrs.  Muspratt's  works  in  '^  finishing  ^'  chlorate 
liquors  were  correct,  then  that  manner  of  proceeding,  declared  by 
him  to  be  the  right  one,  must  have  been  extremely  irrational,, 
because  most  certainly  at  such  low  temperatures  a  large  quantity 
of  hypochlorite  must  have  escaped  conversion  into  chlorate,  and 
very  great  losses  during  the  boiling-down  must  have  ensued. 
But  the  statements  of  Higgins,  mentioned  in  the  description  of 
the  magnesia  process,  prove  that  Jurisch,  in  spite  of  his  being: 
so  positive,  was  altogether  wrong  concerning  the  temperatures- 
observed  at  Muspratt's  works. 

Jurisch  (p.  69  et  seq.)  describes,  with  excessive  details,  experiments 
for  directly  proving  the  evolution  of  oxygen  in  chlorate  works, 
but,  according  to  his  own  representation,  their  success  was  very 
uncertain.  That  oxygen  is  formed  in  this  process  is  notorious 
anyhow.  It  can  also  be  safely  concluded  that  such  a  formation 
occurs  only  so  long  as  there  is  some  unchanged  hypochlorite 
present,  both  from  the  results  of  working  on  the  large  scale  and 
from  Lunge  and  Landolt' s  laboratory  experiments  (see  below). 
It  has  been  observed  at  Pdchiney^s  works  that  the  air  escaping  frook. 
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the  apparatus  described  above  (p.  509)  is  rich  enough  in  oxygen 
to  make  a  glowing  match  burst  into  flame. 

The  heat  of  formation  of  potassium  hypochlorite  in  aqueous 
solution,  2K0H,  aq.+  Cl2=KCl,aq. +KOCl,aq.,  is  246  cal.; 
that  of  potassium  chlorate,  6K0H,  aq.  +  3Cls,  aq.=  5KCl,  aq. 
+  KCIO3,  is  97-9  (Fischer,  Zsch,  f.  angew.  Ch.  1888,  p.  551).  The 
first  sum  must  be  multiplied  by  3,  to  compare  it  with  the  second : 
this  gives  97*9— 78*8 = 24*1  cal.  as  excess  of  heat  evolved  on  the 
transition  from  hypochlorite  into  chlorate.  This  would  lead  us 
to  expect  that  this  transition  takes  place  without  a  supply  of 
energy  from  without.  This  is  not  the  case  directly,  but  by  taking 
the  roundabout  way  of  employing  an  excess  of  chlorine  (which 
is  again  recovered  in  the  end),  the  conversion  may  be  effected 
up  to  70  per  cent,  in  the  cold  (see  below).    The  reaction 

6CaO,  aq.  +  6Cl2=6CaCl8,  aq.+60 

gives  off  118  cal.,  that  is  21  cal.  more  than  the  conversion  into 
calcium  chlorate.  Here  again  thermochemical  considerations  do 
not  allow  us  to  predict  the  course  which  the  reactions  actually 
take. 

An  extensive  investigation  on  the  conversion  of  calcium  hypo- 
chlorite into  chlorate  has  been  made  by  Lunge  and  Landolt  (Chem. 
Ind.  1885,  p.  343;  Joum.  Soc.  Chem.  Ind.  1885,  p.  722).  When 
heating  a  solution  of  chloride  of  lime  by  itself,  the  conversion 
into  chlorate  is  very  imperfect.  After  3  hours'  gradual  heating 
to 60^  C.  it  is  hardly  perceptible;  it  becomes  so  only  after  further 
heating  to  70^  for  an  hour;  stronger  after  2  hours'  heating  to 
90^ ;  but  even  after  another  2  hours'  heating  to  actual  boiling  not 
much  over  ^  of  the  chlorine  had  been  utilized  for  the  formation 
of  chlorate.  As  soon  as  some  chlorate  is  formed,  an  excess  of 
chloride  is  found,  which  points  to  a  loss  of  oxygen,  and  in  the  end 
the  latter  reaction  prevails  altogether ;  while  27  per  cent,  of  the 
original  chlorine  had  been  consumed  in  the  reaction 

6CaOCl8= CaClA  +  5CaCl„ 
30  per  cent,  had  entered  into  the  reaction 

CaOCl3=CaCl,+0. 

Hence  the  conversion  of  hypochlorite  into  chloride  by  heat  alone 
is  a  very  expensive  process. 

The  effect  was  totally  different  on  heating  a  solution  of  bleaching- 
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powder  saturated  with  free  chlorine.  Even  in  passing  chlorine 
into  the  cold  solution  at  15°  C,  70  per  cent,  entered  into  the 
formation  of  chlorate ;  this  proportion  did  not  perceptibly  increase 
after  long  standings  and  not  very  much  on  warming  up  to  40^. 
On  gradual  heating  up  to  the  boiling-point  the  conversion  is  com- 
plete-; it  should  be  observed  that  even  after  two  hours'  boiling  no 
loss  of  oxygen  was  noticed,  so  that  this  must  have  been  prevented 
by  the  excess  of  chlorine.  In  a  further  series  of  experiments  we 
did  not  satisfy  ourselves  with  once  for  all  saturating  the  solution 
with  free  chlorine,  but  passed  it  in,  during  the  whole  process ;  we 
did  not  observe  any  hastening  of  the  formation  of  chlorate  by  so 
doing,  and  this  is  easily  understood,  since  the  reaction  does  not 
require  a  supply  of  more  chlorine. 

We  arrived  at  the  following  conclusion : — ^The  most  favourable 
conditions  for  the  conversion  of  hypochlorite  into  chlorate  are  not 
presented  either  by  simply  raising  the  temperature  alone  or  by  a 
mere  excess  of  chlorine :  both  of  these  must  act  together.  A  large 
excess  of  chlorine  offers  no  advantage ;  rather  the  contrary.  On 
the  large  scale  it  is  unnecessary  to  heat  the  liquor  on  purpose,  as 
the  heat  evolved  by  the  reaction  itself  is  sufficient.  Great  harm 
is  done  by  heating  in  the  absence  of  free  chlorine,  because  this 
leads  to  the  evolution  of  much  oxygen  and  formation  of  chloride, 
which  seems  to  be  prevented  by  the  excess  of  chlorine. 

We  found  that  finished  chlorate  liquor  does  not  lose  any  oxygen 
even  on  prolonged  boiling,  unless  the  action  of  metals  (see  below) 
or  other  reducing  substances  comes  into  play ;  the  decomposition 
otherwise  only  extends  to  hypochlorite.  This  explains  an  observa- 
tion of  Pamell's,  quoted  by  Muspratt  (Joum.  Soc.  Chem.  Ind. 
1886,  p.  408),  according  to  which  solutions  containing  free  lime 
lose  much  chlorate  on  boiling,  with  evolution  of  oxygen.  It  is  not 
the  presence  of  lime  itself  which  causes  that  loss,  but  the  circum- 
stance that  solutions  of  this  kind,  which  are,  of  course,  imperfectly 
saturated,  contain  much  undecomposed  hypochlorite.  Since  they 
always  contain  at  the  same  time  some  ferric  oxide,  &c.,  the  decom- 
position of  the  hypochlorite  is  quickly  brought  about  on  boiling, 
and  the  liquors  in  the  end  suffer  a  corresponding  loss  of  chlorate. 

P&hiney  (foe.  cit.  p.  199)  gives  a  very  instructive  table  showing 
the  progress  of  the  process  (with  Weldon  chlorine).  It  refers  to 
samples  from  large-scale  work,  taken  from  the  first  of  the  vessels 
of  the  apparatus   described  on  p.  509.     As  there  shown,  this 
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vessel  (A)  receives  from  C  a  liquor  already  partially  converted 
into  chlorate.  The  operation  embraced  about  140  cubic  feet; 
the  outer  temperature  was  12°  C.  The  results  are  calculated  upon 
1000  equivalents  of  the  chlorine  finally  contained  in  the  liquor^ 
and  we  can  see  therefrom  the  state  of  the  chlorine  during  the 
successive  stages.  The  observations  were  made  at  each  rise  of 
5°  C.  in  temperature. 


Number  of 
observation. 

Minutes  after 

the  entrance 

of  the  Hquor. 

Temperature 

Tolal  equiva- 
lents of 
chlorine 
absorbed. 

Equivalents 
of  chlorine  as 
hypochlorite. 

Equivalents 

of  chlorine  as 

chlorate. 

Equivalents 

of  chlorine  as 

chloride. 

53 
a  o      6 

1 

•  •  • 

38 

660-2 

315-6 

5252 

291-9 

5-55 

2. 

10 

43 

762-60 

432-20 

6010 

280-2 

5-58 

3. 

18 

48 

852-26 

506-76 

53'3 

292-2 

5-54 

4 

24 

53 

925-40 

578-4 

53-3 

293-7 

5-50 

6 

28 

58 

954-50 

329-9 

97-1 

527-5 

5-42 

6 

32 

65 

985-50 

66-9 

148-1 

770-5 

6-20 

7 

33 

70 

1000 

15-7 

157-4 

826-7 

5-24 

8 

36 

70 

1000 

11-9 

1581 

829-9 

5-24 

9 

40 

70 

1000 

11-9 

1581 

829-9 

5-24 

Observations. — No.  1  is  the  liquor  coming  from  the  vessel  C^ 
which  already  contains  some  chlorate^  although  the  temperature 
never  rises  above  40®  there,  but  principally  hypochlorite. 

Nos.  2  and  3  show  that  at  this  stage,  up  to  48°,  exclusively 
hypochlorite  is  formed  ;  in  consequence  of  the  increase  of  bulk  of 
the  liquid,  the  apparent  percentage  of  chlorate  is  even  decreasing. 

No.  4.  At  53^  the  oxygen  froth  begins  to  appear,  the  hypo- 
chlorite still  increases  ;  the  formation  of  chlorate  has  tnade  hardly 
any  progress  (pp.  513  and  514). 

Nos.  5  and  6.  Bapid  rise  of  the  temperature  from  58®  to  65®; 
rapid  conversion  of  hypochlorite  into  chlorate. 

No.  7.  At  70®  the  operation  is  finished ;  the  hypochlorite  has 
almost  vanished ;  the  liquid  is  pink-coloured. 

Nos.  8  and  9.  Although  the  supply  of  chlorine  gas  continues, 
there  is  no  change  of  temperature  nor  in  the  composition  of  the 
liquor;  the  chlorine  now  passes  over  without  any  change  into 
the  second  vessel. 
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Settling  the  liquor. 
The  tettlers,  E  E  (figa.  164, 165),  are  best  built  up  of  cast-iron 
plates ;  when  made  of  wood  and  lined  with  lead  they  are  liable  to 
he  often  needing  repair.  They  are  placed  bo  much  lower  than  the 
absorbers  that  they  can  be  filled  from  any  of  these  by  means  of  a 
large  spout  with  plug-holes.  More  settlers  are  needed  if  the  mud 
is  washed  in  the  settlers  themselves  than  if  only  the  clear  liquor  is 
run  oflf  and  the  mod  washed  in  different  Teasels.  The  clear  liqnor 
is  run  off  by  means  of  a  swivel  aipbou  inside  the  settler,  similar 
to  those  mentioned  in  other  places.  The  swivel  pipe  is  kept  in  its 
place  by  a  chain  or  a  thin  curved  iron  rod.  Fig.  171  shows  a 
double  swivel  for  lowering  the  pipe  parallel  with  the  front  of  the 
settler,  as  seen  from  above  ;  fig.  172  is  a  perforated  drum  sur- 
rounding the  mouth  of  the  pipe  and  covered  with  canvas,  by  means 
of  which  the  liquid  can  be  drawn  off  lower  down  without  carrying 
away  any  mud.  An  iron  spout  running  along  all  the  settlers  takes 
the  dear  liquor  from  all  the  pipes  to  a  well,  I  (figs.  164, 165),  from 
Fig.  172. 


which  a  pump,  H,  pumps  them  into  the  higher  tanks  K  or  L.  But 
rarely  can  the  absorbers  be  placed  high  enough  for  giving  a  fall  not 
only  to  the  settlers,  but  also  from  these  to  the  pans,  and  firom  these 
to  the  crystallizing-coolers ;  by  such  an  arrangement  the  pumping 
of  the  strong  liquors  is  saved,  but  not  that  of  the  washings,  which 
have  to  go  back  into  the  absorbers.  The  well,  I,  must  have  two 
partitions,  I'  and  1",  so  as  to  keep  the  strong  liquor  always  separate 
irom  the  washings  :  the  former  only  is  sent  into  the  pans ;  and  its 
volume  must  be  accurately  known .  The  height  of  the  strong  liquor 
before  and  after  running  it  off  from  E,aad  thus  the  bulk  of  the  liqnor 
sent  into  the  tanks,  is  ascertained — which  is  absolutely  necessary  in 
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order  to  calculate  the  amount  of  potassium  chloride  (muriate)  to 
"be  added.  After  running  off  the  strong  liquor^  the  mud  is  either 
discharged  into  other  vessels  for  further  treatment^  or^  as  we  have 
assumed  in  the  drawing,  it  is  washed  with  water  in  E  itself  .so  Ipng 
as  the  hydrometer  shows  any  salt  in  the  liquor;  and  the  washings^ 
run  into  F',  are  pumped  into  the  reservoir  L^  from  which  they  are 
taken  as  wanted,  instead  of  part  of  the  fresh  t^ater,  for  chai^ng  the 
•cylinders  A.  The  washed  mud  is  discharged  through  a  plug-hole  in 
the  bottom  of  the  settler,  or  by  shovelling  out ;  it  consists  of  silica, 
•clay,  calcium  carbonate,  and  a  little  calcium  hydrate,  and  is  of  no 
further  use.  The  operation  of  washing  it  would  be  very  much 
tdimplified  and  improved  by  employing  a  filter-press ;  and  the  same 
holds  good  of  the  muddy  residues  obtained  afterwards  in  the  boiling- 
down  pans  and  the  dissolver  for  crude  salt. 

Incompletely  finished  liquor,  containing  excess  of  lime,  settles 
very  badly. 

Instead  of  measuring  the  chlorate  liquor  before  running  it  into 
the  boiling-down  pans  in  the  settlers  themselves,  this  can  of 
course  be  done  in  special  measuring  tanks  placed  between  the 
settlers  and  the  pans.  This  is  unavoidable  if  the  shape  of  the 
settlers  makes  it  too  difficult  to  perform  the  measuring  therein ; 
but  it  has  always  the  inconvenience  of  requiring  more  fall  for 
the  liquor. 

3.  Boiling-down  the  Chlorate  Liquor  and  addition  of 

Potassium  Chloride. 

The  clear  solution  of  calcium  chlorate  and  chloride  must  now  be 
t>oiled  down.  Formerly  the  boiling-dovm  pans  were  made  of  lead, 
and  consequently  subject  to  the  rapid  wear  and  frequent  damage 
incidental  to  this  material.  Here  also,  as  well  as  in  every  other 
portion  of  the  plant  for  manufacturing  crude  chlorate,  lead  has  been 
replaced  by  cast  iron  or  even  wrought  iron,  without  damaging  the 
4juality  of  the  chlorate,  which  must  in  any  case  be  recrystaUized. 

The  choice  can  only  be  between  wrought-iron  or  cast-iron  pans. 
"The  latter  have  certain  advantages,  especially  in  being  less  acted 
upon  by  the  liquor:  but  the  former  are  cheaper,  can  be  made  of  all 
Bizes,  and  are  not  liable  to  crack ;  so  that  they  are  decidedly  pre- 
ferable, and  the  more  so  if  the  free  chlorine,  which  alone  could 
•damage  them,  is  removed  by  adding  a  very  small  quantity  of  soda- 
iwaste  to  the  liquor  run  out  of  the  pans,  as  this  instantly  destroys 
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its  smell  and  colour  and  prevents  any  corrosion  afterwards  of 
either  the  pans  or  the  pmnps. 

The  pans  have  the  same  shape  as  the  '^boat  pans''  described  in 
Vol.  II.  pp.  647  to  649^  and  are  set  exactly  in  the  same  manner. 
They  ought  to  be  covered  with  planks  and  possess  a  draught-pipe  to 
carry  the  chlorine  given  off  at  first  to  the  chimney;  but  this  is  quite 
unnecessary  if  the  above-mentioned  treatment  with  tank-waste  has- 
been  carried  out.  Two  pans  8  ft.  x  20  ft.  x  3  ft.  sufSce  for  the- 
apparatus  described ;  their  waste  heat  passes  underneath  the  small 
pans  QQ  (figs.  164,  165),  which  are  placed  at  a  higher  level  and 
serve  for  dissolving  the  crusts  and  mud  from  the  pans  PP,  the 
dissolving  residue,  and  the  washings  from  refining,  and  running; 
the  clear  liquor  into  the  pans  PP;  as  this  liquor  already  contains- 
potassium  chlorate,  not  calcium  chlorate,  it  must  be  sent  directly 
into  the  pans.  The  pans  PP  are  run  off  by  swivel  pipes,  just  like 
the  settlers  £E. 

Addition  of  Potassium  Chloride, 

We  have  already  seen  that  the  volume  of  the  clear  liquor  sent 
from  the  settlers  £  into  the  pan  is  gauged.  At  the  same  time  a 
sample  is  taken,  tested  for  chlorate  in  the  laboratory,  and  the  ad- 
dition of  potassium  chloride  calculated  from  this  test.  One  might 
think  that,  if  the  quantity  of  lime  charged  into  the  absorbers  re- 
mained the  same,  or,  at  least,  if  the  specific  gravity  of  the  clear 
liquor  in  E  were  the  same,  there  would  be  always  the  same  quan- 
tity of  potassium  chloride  required  for  effecting  the  decomposition. 
But  this  is  not  the  case ;  and  as  the  potassium  chloride  (or,  to  call  it 
by  its  commercial  name,  the  muriate  of  potash)  is  the  dearest  of  all 
the  raw  materials  employed,  it  is  not  advisable  to  add  any  consider* 
able  excess.  Still  less  will  it  do  to  add  too  little;  for  any  calcium 
chlorate,  being  very  soluble,  would  remain  in  the  mother  liquors. 
There  are  many  processes  for  estimating  chlorate;  but  the  foUowing^ 
is  probably  the  easiest  and  quickest.  A  solution  of  about  1 00  grama 
of  pure  crystallized  ferrous  sulphate  and  100  grams  strong  vitriol 
is  made  up  to  one  litre,  and  its  value  ascertained  by  daily  titration 
with  seminormal  potassium  permanganate  {u  e.  one  containing 
15'82  grams  pure  crystallized  salt  per  litre,  and  indicating  0*004 
gram  oxygen  per  cub.  cent.) .  Suppose  that  each  25  cubic  centims. 
of  iron-solution  require  20*5  of  permanganate,  a  certain  quantity 
of  the  chlorate-solution  is  pipetted  into  a  flask,  boiled  till  all  free 
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chlorine  is  expelled,  cooled^  and  a  sufficient  quantity  of  iron-solution 
added^  the  flask  closed,  with  an  india-rubber  cork  and  a  Bunsen's 
yalve^  or  with,  a  twice  bent  tube^  the  outer  limb  of  which  dips 
iato  water  contained  in  a  beaker ;  heat  is  applied^  the  liquor  kept 
fully  boiling  for  a  few  minutes  and  then  cooled,  during  which 
the  closing  of  the  valve  or  the  coming  back  of  the  water  from  the 
beaker  prevents  any  oxidation  by  the  atmospheric  oxygen.  All 
the  chlorate  is  now  converted  into  chloride  or  sulphate ;  and  a 
corresponding  quantity  of  ferrous  sulphate  is  converted  into 
ferric  sulphate  : 

CaCljOe  +  12FeO  =  CaClj  +  eFesO,. 
All  the  oxygen  of  the  chlorate  is  spent  in  peroxidizing  the  iron 
salt. 

The  liquor  is  now  retitrated  with  permanganate ;  thus  the  quan- 
tity of  ferrous  sulphate  consumed,  and  consequently  that  of  the 
chlorate,  is  found.  The  permanganate  corresponding  to  the 
chlorate  (i.  e.  that  required  for  standardizing  the  iron-solution, 
less  that  consumed  in  retitrating)  shows  the  amount  of  the  chlorate 
at  ouce  by  a  simple  factor,  and  that  of  the  necessary  potassium 
chloride  by  another.  As  seminormal  permanganate  solution  (i.  e, 
a  solution  of  15*82  grams  KMn04  in  ]  litre  of  water)  gives  off 
0*004  oxygen  per  cub.  cent.,  and  since  122*6  parts  of  KCIO3 

122*6 
yield  48  of  oxygen,  the  former  must  show  per  cubic  centim. 

I40 

=0*01021  KClOs  or  000621   KCl.      Suppose  the  commercial 

muriate  employed  to  contain  95  per  cent.  KCl,  the  last  factor  will 

become  ^ =0"006537.     Hence,  if  2  cub.  cent,  of  the 

chlorate  liquor  have  been  employed,  if  this  has  taken  up  iron  equi- 
valent to  15*5  cub.  cent,  permanganate,  each  litre  of  the  liquor 
will  correspond  to  15*5x500x0-01021  gram  KClOj  and  will 
require  an  addition  of  15*5  x  503  x  0*006537  grams  of  95-per-cent, 
muriate.  If  the  calculation  is  to  be  simplified  still  more,  the 
factor  is  made  to  contain  once  for  all  the  number  of  litres  per 
centimetre  (or  inch)  of  the  height  gauged.  If  the  settlers  were 
exactly  3x2  metres,  each  centimetre  of  their  height  would  be 
=60  litres;  hence,  if  for  each  testing  2  cub.  cent,  of  liquid  are 
taken,  the  constant  factor  for  95-per-cent.  muriate  upon  a  con- 
sumption of  w  cub.  cent,  permanganate  becomes  ^x  500x60 
X  0*006537  n  196*11  07.    That  is,  for  each  cub.  centim.  of  perman- 


522  THE  CHLORINE  INDUSTRY. 

ganate  used  in  testing  2  cub.  centims.  chlorate  liquor^  eacli  centi- 
metre of  the  height  of  the  settlers  requires  196*  11  grams  95-per-cent. 
muriate  of  potash.  It  will  be  easy  to  apply  this  calculation  to  any 
given  size  of  settler^  and  to  English  instead  of  metrical  measures. 

This  calculation  shows  at  the  same  time  in  stock-taking  how 
much  loss  there  has  been  in  crystallizing,  refining,  &c. ;  it  points 
out,  and  frequently  permits  stopping,  any  sources  of  loss. 

There  is  always  some  excess  over  the  theoretical  quantity  of 
]x>tassium  chloride  added,  to  compensate  for  any  inaccuracy  of 
reading  off  the  height  of  the  acid,  &c. ;  an  addition  of  3  per  cent, 
above  the  calculated  quantity  will  suffice  in  most  cases.  It  is  de- 
cidedly advisable  to  employ  the  purest  muriate,  nearly  free  from 
sodium  chloride,  in  spite  of  its  comparatively  higher  price ;  for 
all  'this  sodium  chloride  gets  mixed  with  the  potassium  chlorate, 
renders  it  more  difficult  to  be  purified  from  chlorides  in  refining, 
and  causes  loss  by  increasing  the  quantity  of  mother  liquors. 
Upon  10  parts  of  potassium  chlorate  actually  obtained,  8^  to  9 
parts  of  good  muriate  of  potash  are  needed  (comp.  further  on). 

Jurisch  states  that  at  Muspratt's  works,  before  the  mother 
liquors  were  worked  for  chlorine,  at  first  rather  less  than  the 
theoretical  quantity  of  KCl  was  added,  in  order  to  avoid  any  loss 
of  it,  but  this  was  subsequently  abandoned — evidently  because  the 
yield  of  potassium  chlorate  was  too  much  impaired.  We  shall 
have  occasion  to  refer  to  this  again. 

The  potassium  chloride  was  formerly  sometimes  added  already  in 
the  absorbing-cylinders,  but  now  this  is  done  only  in  the  boiling- 
down  pans ;  in  the  former  case,  of  course,  the  muriate  cannot  be 
calculated  exactly.  The  opinion  occasionally  held,  and  probably 
forming  the  ground  of  this  method,  viz.  that  calcium  chlorate 
inclines  more  to  decomposition  than  potassium  chlorate,  is  entirely 
unfounded. 

The  potassium  chloride  required  for  a  batch  is  put  into  the  pans 
directly  after  running-in  the  first  portion,  or,  still  better,  as  soon 
as  this  has  been  brought  to  ebuUiton ;  and  the  boiling-down  is 
continued,  feeding  the  pan  with  fresh  liquor  either  continuously 
or  by  instalments,  till  the  proper  degree  of  concentration  has  been 
attained.  The  procedure  is  not  the  same  in  all  places.  Some 
evaporate  the  liquor  at  once  down  to  70°  Tw.  (measured  hot)  and 
allow  it  to  crystallize ;  the  mother  liquors  then  contain  so  little 
chlorate  that  they  cannot  be  worked  for  it.     Others  only  boil 
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down  to  50®  or  55®  Tw.,  and  after  crystallization  evaporate  the 
mother  liquors  once  more  to  71°  Tw.  By  the  latter  plan  perhaps 
a  little  more  chlorate  is  obtained ;  but  it  is  doubtful  whether  the 
increased  labour,  consumption  of  fuel,  and  mechanical  losses  do 
not  outweigh  that  advantage.  The  second  portion  of  salt  is  very 
impure,  and  must  be  recryst alii  zed  twice,  while  the  first  plan 
(which  we  will  describe  in  detail)  requires  only  one  recrystallization 
of  all  the  salt. 

Jurisch  states  (p.  37)  that  at  Muspratfs  works  the  first  liquor 
was  boiled  down  in  summer  to  62-68°,  in  winter  to  58-64°  Tw. 
(measured  moderately  hot).  The  mother  liquor  from  the  first 
•crystallization  was  further  evaporated  in  summer  to  78-85°,  in  winter 
to  72-78°  Tw.  (measured  moderately  hot).  The  mother-liquor 
crystals  were  re-dissolved  to  40°  Tw.  and  yielded  crystals  of  the 
-same  quality  as  otherwise  obtained  from  the  first  boiling.  Centri- 
f  ugalled  crude  crystals  tested  84-88  per  cent.  KClOa  and  2  per  cent. 
CaGlj,  besides  water  and  mud  (p.  97). 

According  to  Jurisch's  calculations  (p.  90)  there  must  be  an 
extraordinarily  great  loss  of  chlorate  in  boiling-down  by  the 
decomposition  of  chlorate.  In  a  case  detailed  by  him  the  pro- 
portion of  chloride  to  chlorate  in  the  crude  liquor  was  6*0  : 1,  in 
the  boiled-down  liquor  13*44  :  1,  from  which  a  loss  of  44*7 
per  cent,  of  chlorate  is  calculated.  Such  a  loss  he  himself  calls 
unusually  high,  since  otherwise  the  total  loss,  including  mother 
liquors,  is  only  30  per  cent.  He  opines  that  this  enormous  loss 
was  due  to  the  fact  that  in  the  above  case  the  evaporation  was  at 
once  carried  to  74°  Tw.,  instead  of  dividing  the  concentration  into 
two  stages ;  but  this  must  be  wrong,  since  at  other  works  where  the 
1)oiling-down  is  performed  all- at  once,  they  never  notice  anything 
like  such  losses.  Jurisch  himself  considers  the  average  loss  in 
boiling-down  to  be  between  10  and  20  per  cent.  The  cause  of  this 
loss,  so  far  as  it  is  not  due  to  the  presence  of  hypochlorite  (p.  516), 
is  the  action  of  the  metal  of  the  pans  oq  the  chlorate. 

According  to  experiments  made  in  my  laboratory  (Joum.  Soc. 
Chem.  Ind.  1885,  p.  32)  concentrated  solutions  of  potassium 
<;hlorate,  and  even  more  so  the  mixed  chlorate  liquor  produced  in 
the  process,  act  upon  lead,  wrought  iron,  and  cast  iron.  Calculated 
upon  the  weight  of  the  metal  dissolved,  the  action  is  least  in  the 
<5a8e  of  cast  iron,  slightly  greater  with  wrought  iron,  and  greatest 
with  lead.     Calculated  upon  the  weight  of  the  chlorate  of  potash 
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destroyed^  tlie  difiTerence  in  the  case  of  mixed  liquor  is  not  yery 
great ;  in  fact  it  is  slightly  in  favour  of  lead ;  but  as  the  loss  of 
lead  is  5  or  6  times  greater  than  that  of  the  other  metals,  and  the 
cost  of  firing  and  repairs  is  also  much  greater  than  with  iron,  the 
latter  is  decidedly  preferable  as  material  for  boiling-down  pans. 

Aqueous  solutions  of  potassium  or  calcium  chlorate^  according* 
to  my  experiments^  are  not  in  the  least  decomposed  by  boiling  in. 
glassj  porcelain,  earthenware,  &c.  Unfortunately  these  materials- 
are  hardly  available  for  manufacturing  use. 

At  P&;hiney^s  works,  just  as  was  done  at  mine,  the  liquor  is 
at  once  boiled  down  to  74^  Tw.  (measured  hot) ;  per  cubic  metre  of 
the  concentrated  liquor  about  130  kil.  crude  salt  is  obtained,  with 
95  per  cent.  KClOg,  0*55  per  cent.  CaCls,  and  4*45  per  cent.  HjO^ 
Nothing  has  been  observed  there  of  the  great  loss  in  this  style  of 
boiling-down,  as  compared  with  doing  it  in  two  stages  according 
to  Jurisch.  They  have  found  there  that  the  action  of  the  liquor 
on  the  (wrought-iron)  pans,  together  with  loss  of  chlorate,  ia 
very  much  stronger  if  magnesian  limestone  is  used,  in  which 
case  during  the  concentration  magnesium  chloride  is  formed.. 
Therefore  the  employment  of  pure  limestone  greatly  dimimshea 
that  loss. 

When  the  pans  are  run  off,  the  mud  is  best  kept  back  by  meana^ 
of  a  filtering-drum  (fig.  172) :  it  must  be  taken  out  after  each 
operation,  lest  it  burn  fast  to  the  pan  and  cause  it  to  wear  out 
prematurely.  The  mud  is  washed  in  the  small  pans  Q  (figs.  164,. 
165),  and  the  liquor  boiled  down  in  the  pans  M  along  with  th& 
other  liquors.  The  discharge-pipes  of  the  pans  M  join  into  an 
open  spouty  from  which,  by  means  of  branch  spouts,  all  the 
crystallizinff-cones  N  N  can  be  filled. 

4.  First  Crystallization  of  Chlorate, 

A  sufficient  number  of  crystallizing  vessels  should  be  provided^ 
to  permit  the  liquor  to  remain  in  them  9  or  10  days  in  winter^ 
and  14  days  in  summer.  Formerly  they  were  made  of  wood  and 
lined  with  lead ;  but  cast  iron  is  preferable,  as  with  care  it  does- 
not  contaminate  the  salt  much  more;  and  it  is  far  better  than 
lead  vessels,  in  consequence  of  its  greater  conductivity  for  heat 
and  its  immunity  from  leaking.  The  iron  vessels  are  made  exactly 
like  those  employed  in  making  soda  crystals,  viz.  large  shallow 
pans,  or  oblong  pans  with  rounded  corners   (Vol.  II.  p.  706) » 
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They  ought  to  be  placed  at  a  slight  elevation  above  the  floor,  and 
provided  with  a  ping  in  the  bottom  for  running  out  the  mother 
liquors.  On  the  ground  between  each  two  rows  of  them  spouts  are 
laid  to  receive  the  mother  liquors,  which  they  convey  through  several 
wells  PP,  sunk  in  the  ground  for  the  purpose  of  catching  the  salt 
^ways  carried  away.  The  larger  these  wells  are,  and  the  longer 
the  mother  liquors  remain  in  them,  the  more  completely  can  the 
fine  crystals  of  chlorate  settle;  and  even  the  continued  cooling 
racts  favourably  in  this  respect.  A  canvas  filter  in  front  of  the 
•drainage-pipe  is  also  very  useful  for  retaining  small  crystals.  The 
salt  collecting  in  the  catch- wells  is  mostly  too  impure  to  be  re-  ' 
fined  directly,  and  is  either  simply  put  back  into  the  pans  M  M, 
or  else  it  is  recrystallized  once  more. 

When  the  time  is  up,  the  plug  in  the  bottom  of  each  crystal- 
lizing-cone  is  lifted,  at  first  gently,  so  that  but  little  salt  gets  out 
-along  with  the  mother  liquors  ;  most  of  this  can  be  retained  by  a 
•canvas  bag  suspended  below  the  plug-hole.  If  no  plug-hole  is 
provided,  a  lead  siphon  is  employed,  the  outer  limb  of  which  does 
not  end  in  the  spout,  but  in  a  bucket,  where  a  good  deal  of  salt  is 
<;aught.  When  most  of  the  mother  liquor  is  run  off,  the  salt,  which 
is  easily  detached  from  the  sides,  is  heaped  up  round  the  plug-hole, 
allowed  to  drain,  and  then  put  into  special  drainers  O  O  (fig.  164), 
made  of  wood,  lined  with  lead,  with  a  perforated  false  bottom. 
These  drainings  run  away  along  with  the  former  mother  liquors, 
with  which  they  are  identical  in  composition ;  but  afterwards  the 
adhering  mother  liquor  and  mud  is  washed  off  by  pouring  water 
over  the  salt  from  a  watering-can,  and  as  some  chlorate  will  be 
dissolved  now,  these  washings  are  run  into  a  separate  well  and 
pumped  back  into  the  pans.  This  work  is  much  better  done  by  a 
flmall  (even  a  hand-worked)  centrifugal  machine,  in  which  the 
washing  and  draining  are- effected  much  more  completely.  The 
washing  is  greatly  facilitated  by  the  stoutly  acicular  shape  of  the 
<nrude  crystals.  If  among  these  are  large,  clear,  transparent 
prisms  of  hydrated  calcium  chloride,  this  proves  that  the  boiling, 
down  has  gone  too  far,  which  happens  most  readily  in  winter 
time,  and  must  be  remedied  by  concentrating  to  one  degree  of 
the  hydrometer  less.  The  washing  is  not  continued  very  long,  in 
order  that  there  may  not  be  too  many  diluted  liquors ;  but  if  it 
be  interrupted  too  soon,  the  liquors  will  have  to  be  changed  all 
the  sooner  in  recrystallizing. 
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The  mother  liquors  ought^  before  running  to  waste,  to  be  regu- 
larly tested  for  their  percentage  of  calcium  chlorate  and  of  potash. 
Of  the  former  (calculated  as  KCIO3)  the  maximum  usually  pre- 
sent is  25  grams  per  litre  (Jurisch  says^  25  to  35  grams),  or  25 
ounces  per  cubic  foot;  the  best  result  known  to  myself  i» 
17'5  grams.  But  with  bad  work  35  grams  per  litre  and  upwards 
are  founds  which  means  a  considerable  loss.  When  too  much 
chlorate  is  present,  this  may  be  caused  by  insufficient  evaporation 
or  by  the  cooling  not  having  lasted  long  enough.  But  it  may 
also  be  caused  by  a  deficiency  of  potassium  chlorate  permitting 
calcium  chlorate  to  remain  undecomposed;  this  is  discovered  by 
an  estimation  of  the  potash  (with  platinum  chloride),  which  should 
show  at  least  10  grams  KCl  per  litre  in  excess  of  that  required 
by  the  chloric  acid  present.  But  it  also  happens  that  on  putting 
the  muriate  into  the  pans  the  men  do  not  stir  it  up  enough^  so 
that  a  portion  of  it  may  remain  at  the  bottom  and  afterwards  be 
wanting  in  the  liquor. 

At  Pechiney's  works  in  the  South  of  France  the  mother  liquors- 
are  not  run  away  in  summer  time,  because  too  much  chlorate 
would  be  lost  in  this  way.  They  are  kept  in  large  tanks  until 
the  cooler  season,  and  yield  thus  still  8  grams  chlorate  per  litre. 
Even  then  25  to  30  grams  KClOj  per  litre  is  left  in  solution, 
together  with  525  to  550  grams  CaCl]. 

Wylde,  Hammill,  and  Auer  (Engl.  pat.  15097,  1888)  go  still 
further  in  this  direction.  They  expose  the  mother  liquors,  testing 
72°  Tw.  with  the  lime  process,  or  51°  Tw.  with  the  magnesia 
process,  to  a  temperature  of  —18^  C.  during  a  week,  which  causes 
a  large  quantity  of  chlorate  of  potash  to  crystallize  out.  By  further 
cooling  also  the  calcium  (or  magnesium)  chloride,  with  6  molecules 
of  water,  \&  separated.  Hammill  (Joum.  Soc.  Chem.  Ind.  1888, 
p.  168)  describes  this  process  in  detail.  The  solutions  must  not 
be  subjected  to  the  cooling  process  at  a  greater  concentration 
than  the  above,  because  otherwise  the  chloride  also  crystallizes 
from  the  first.  The  crude  crystals  thus  obtained  have  a  much 
finer  grain  than  ordinary  crude  crystals,  but  are  not  more  impure 
(2*4  per  cent.  KCl  and  0*9  per  cent.  CaClj).  They  are  quite  as 
easily  refined  by  one  recrystallization.  On  cooling  down  to 
—  12°C.  only  13*5  grams.  KClOs  remain  in  the  liquor,  equal  to 
a  loss  of  12*9  per  cent.,  whereas  in  the  ordinary  process  the  loss  is 
at  least  25  grams =24  per  cent.     By  stronger  cooling  the  loss  can 
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be  still  more  reduced,  and  an  increase  in  tlie  yield  of  about  ^  can 
be  attained.  Hammill  calculates  the  cost  of  this  extra  yield  of 
1*45  tons  of  chlorate^  in  a  weekly  make  of  1 0  tons^  to  amount  to  no 
more  than  j£4  5«. 

According  to  further  information  concerning  this  process^ 
starting  with  a  liquor  of  spec.  grar.  1*352^  containing  28*5  grams- 
KClOa  per  litre,  and  cooling  it  to  —  21°C.  during  3^  days, 
19  grams  of  crystals  are  obtained,  and  only  9'5  grams  are  left  in 
the  liquor.  When  exactly  calculating  all  costs,  inclusive  of  in- 
terest and  depreciation  on  plant  of  the  value  of  £1200,  of  the  loss^ 
of  ammonia  from  the  ice-machine,  packages,  shipping  expenses,. 
&c.,  the  34  cwt.  gained  upon  a  weekly  make  of  10  tons  cost  in 
all  £11,  and  leave  a  profit  of  £60,  that  is  £6  per  ton  of  the  total 
make. 

Kynaston  (Engl.  pat.  14344,  1886)  proposes  removing  from 
these  mother  liquors  a  large  portion  of  the  CaCls  as  oxychloride,. 
by  adding  lime  to  it,  and  to  obtain  more  potassium  chlorate  from 
the  filtered  liquor  by  concentration  and  cooling.  (This  treatment 
was  patented  before  him  by  Pechiney,  who  had  practically  applied 
it  only  to  sodium  chlorate.) 

Many  attempts  were  formerly  made  to  utilize  the  chlorine 
contained  in  the  chlorate  mother  liquors  by  boiling  them  with 
hydrochloric  acid  (comp.  our  first  edition,  vol.  iii.  p.  311) ;  but 
this  method  was  soon  abandoned,  because  it  did  not  pay  for  the 
expense  and  trouble.  Sometimes  the  evolution  of  chlorine  took 
place  explosively,  with  such  danger  to  all  who  happened  to 
be  in  the  vicinity  that  these  experiences  acted  in  a  very  dis- 
couraging way,  Jurisch  states  (p.  42)  that  in  1878  this  process 
had  been  revived.  A  "Weldon  still  was  employed  for  this  pur- 
pose, which  was  filled  ^  or  ij-  with  hydrochloric  acid  of  26°  or 
28^  Tw.;  then  the  mother  liquor  was  slowly  run  in,  and  steam 
was  blown  in  at  once.  If  this  was  neglected,  and  the  steam  wa» 
applied  too  late,  the  above-mentioned  explosion-like  evolution  of 
gas  took  place.  When  the  still  was  filled  to  ^  or  J  of  its  height, 
the  liquor  was  shut  ofi^,  and  the  expulsion  of  the  chlorine  wa» 
completed  by  steaming.  The  liquor,  which  was  kept  acid  to  the 
end,  was  run  to  waste.  Each  operation  took  from  24  to  30  hours 
[which  means  a  somewhat  considerable  quantity  of  steam  !].  In 
this  case  they  added  a  little  less  than  the  theoretical  quantity  of 
KCl  to  the  chlorate  liquor  before  boiling-down,  in  order  to  lose- 
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less  of  it^  80  that  the  mother  liquor  contained  a  little  undecomposed 
x^alcium  chlorate.  [This  was  soon  given  up  again.]  Jurisch 
(p.  122)  states  that  1  ton  of  chlorate  could  be  made  from  mother- 
liquor  gas  to  every  5  tons  made  from  Weldon  chlorine. 

The  explosions  ascribed  by  Jurisch  to  violent  evolution  of 
4;hlorine  are,  according  to  Journ.  Soc.  Chem.  Ind.  1887,  p.  250, 
probably  caused  by  chlorine  peroxide,  as  indicated  by  its  phos- 
phorescence. 

5.  Recrystallizing  [Refining)  the  Crude  Salt. 

The  crude  salt  is  not  a  commercial  article ;  its  colour,  sometimes 
nearly  white^  but  often  brown  or  reddish,  the  shape  of  its  crystals, 
and  its  chemical  impurities,  necessitate  its  purification  by  dis- 
solving, settling,  and  recrystallizing,  mostly  followed  by  washing 
the  crystals.  One  of  two  plans  is  followed  here.  In  the  one  the 
dissolving  and  crystallizing  are  one  continuous  process ;  in  the 
other  they  are  successive  operations. 

The  first  (continuous)  method  is  carried  out  as  follows: — A 
i¥ooden  cistern  lined  with  lead  (fig.  173)  40  feet  long,  7^  feet  wide. 

Fig.  173. 


:and  1^  foot  deep,  is  divided  into  three  compartments,  A^  B,  and  C. 
A  (4x  5^  feet)  serves  for  dissolving ;  B  (4  x  2  feet)  for  filtering; 
the  largest  compartment,  C,  for  crystallizing.  In  A  there  is  a  lead 
steam-pipe  a,  which  is  laid  in  several  coils  and  comes  out  sideways, 
<;arrying  out  the  condensed  water ;  in  this  compartment  the  crude 
salt  is  put,  either  on  a  sieve  or  in  a  bag,  and  is  dissolved  by  heating 
with  indirect  steam  in  the  mother  liquor  coming  over  from  C 
through  the  siphon  d.  Thus  at  the  bottom  of  A  a  hot  saturated 
solution  collects,  which  is  continuously  pumped  by  the  small  pump 
i  over  the  sieve  c  (covered  with  very  densely  woven  calico)  into  B. 
Since  pumping  cannot  be  avoided  here,  and  the  application  of 
steam-power  is  not  well  adapted  for  such  light  work,  a  contrivance 
driven  by  water-power  is  employed  (which  is  shown  in  fig.  174)* 


BICRTSTALLIEITION  OP  CRTIDI  SALT.  529 

To  the  roof  two  hangers,  b,  are  fixed,  with  rings  ia  which  a  flat 
iron  rod,  a,  with  pivoted  ends,  turns,  a  carries  on  one  side  the 
arm  c,  to  which  the  plnager  d  is  suspended.     This  is  made  of 


wood,  covered  with  lead,  and  travels  loosely  iu  the  small  punip^ 
barrel  e,  closed  at  the  bottom,  with  an  outlet^pipe/  at  the  top  and 
inlet-valve  <f  near  the  bottom.  The  latter  need  not  close  tightly ; 
it  is  only  made  of  a  ronud  piece  of  india-rubber  a  little  larger 
than  the  aperture  in  e,  hung  from  a  nail  above  the  latter,  and  stif- 
fened at  the  back  by  a  bit  of  lead.  The  iron  rod  h  is  fixed  in  the 
same  horieontal  plane  as  c,  and  sends  out  arms  on  both  sides  of  a. 
On  the  side  opposite  to  c  it  carries,  in  a  fork  curved  downwards, 
the  tipping  bucket  t,  which  is  shown  separately  in  fig.  175.  Its 
pivot*  are  below  it*  centre  of  gravity,  so  that,  when  empty,  it 
bangs  down  straight  with  the  auistance  of  the  small  weight  it. 
VOL.  III.  2  u 
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But  when  i  is  filled  with  water  so  far  that  the  centre  of  gravity  is 
above  the  pivots,  its  equilibrium  becomes  unstable,  the  bucket  tips 
over,  empties  itself,  and  at  once  rights  itself  again  by  means  of 
the  weight  k.  The  water  for  filling  the  bucket  runs  from  the 
regulating  cock  n,  through  the  pipe  m,  connected  by  a  flexible 
tube  0  with  the  stifi^  tube  p,  which  has  an  outlet  into  the  bucket  u 

The  apparatus  works  in  this  way  : — ^When  the  cock  n  is  opened, 
the  bucket  i  is  gradually  filled  with  water  and  becomes  heavier. 
As  the  rod  a  turns  in  the  rings  b,  the  bucket  i  will  go  down  and 
turn  the  rod  partly  round  its  axis ;  the  flexible  connexion  at  o 
permits  the  water-pipe  p  to  follow.  At  the  same  time  the  arm  c 
rises,  and  along  with  it  the  plunger  (/.  Consequently  liquor  will 
run  into  e  by  the  valve  g.  As  soon  as  i  has  arrieed  at  the  lowest 
point,  it  tips  and  then  rights  itself  again  ;  and  this  side  is  now  so 
much  lighter  than  the  other,  that  the  rod  a  suddenly  turns  back. 
In  order  to  assist  this  a  weight  r  is  suspended  by  a  cord  from  that 
arm  of  h  which  is  on  the  same  side  as  c.  This,  together  with  the 
weight  of  d  itself,  causes  a  to  turn  suddenly,  and  at  the  same  time 
c  to  go  down,  and  d  to  enter  the  barrel  e.  By  this  a  certain 
quantity  of  liquid  is  forced  out  of /into  its  place  of  destination. 

The  length  of  rope  is  so  regulated  that  the  weight  r  strikes 
upon  the  floor  or  upon  a  bracket,  &c.,  before  d  has  descended 
quite  to  the  bottom  of  e  :  this  prevents  damage  to  the  latter  by 
the  sudden  shock.  Immediately  afterwards  the  bucket  i  begins  to 
fill  again,  and  the  process  begins  anew.  The  water  running  out  of  i 
and  that  running  out  of  Jb,  during  the  tipping  run  into  the  tub  /, 
and  may  be  used  for  any  purpose. 

A  special  advantage  of  this  kind  of  pump  is,  that  travelling  ever 
so  slowly  it  can  never  "  lose  its  charge."  By  regulating  the  cock 
n  the  filling  of  i  can  be  hastened  at  will ;  and  this  regulates  the 
number  of  strokes.  The  quantity  of  the  liquid  running  out  is 
regulated  by  the  plunger  d,  which  can  be  made  to  dip  more  or  less 
by  means  of  its  chain.  This  apparatus  works  very  well  and  give^ 
no  trouble. 

The  hot  chlorate  liquor,  pumped  in  this  way  into  B  (fig.  173), 
and  filtered  through  c,  can  enter  from  B  into  C  by  a  1-inch  aper* 
ture  at  about  i  of  the  height  of  the  latter.  In  C  it  is  forced  by 
the  board  e  to  travel  to  its  other  end  and  forward  again  before  it 
can  get  to  the  siphon  d,  also  kept  apart  by  a  board/.  Since  only 
about  half  a  gallon  of  liquid  is  sent  every  two  or  three  minutes 
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into  B^  this  small  quantity  does  not  cause  any  sensible  disturbance 
or  current  in  the  large  space  of  C ;  on  the  contrary^  the  liquid  is 
quickly  cooled  there,  and  gradually  deposits  crystals,  which  con- 
stantly grow^  and  become  largest  in  the  part  furthest  from  the 
compartments  A  and  B.  When  the  liquor  has  arrived  at  the 
siphon  d,  it  is  quite  cooled  down  and  is  drawn  off  by  the  latter 
(which  is  constantly  filled,  and  the  orifice  of  which  in  A  is 
narrowed  down  to  |  inch)  into  A  at  the  same  rate  as  the  pump 
sends  hot  liquor  over  into  B. 

Thus  the  work  is  perfectly  continuous;  the  mother  liquor, 
saturated  in  A  with  crude  salt,  is  pumped  into  B,  filtered,  run 
through  C,  cools  there,  deposits  its  excess  of  salt  in  a  pure  form, 
and  returns  through  the  siphon  d  just  in  the  proportion  as  it  is 
wanted.  Once  a  week  the  salt  accumulated  in  C  is  fished  out 
(with  a  shovel  of  hard  wood  or  copper)  ;  it  is  best  to  cease 
dissolving  a  day  before.  From  time  to  time,  when  the  mother 
liquor  has  become  too  impure,  it  must  be  pumped  back  to  the 
boiling-down  pans  for  crude  salt,  and  fresh  water  must  be  put 
into  the  dissolver.  This  ought  to  stand  on  a  water-tight  floor, 
and  be  a  little  raised,  so  that,  in  case  of  leakage,  the  liquor  running 
out  may  be  saved. 

This  plan  of  crystallization  is  best  adapted  for  crude  salt  deprived 
almost  entirely  of  mother  liquor,  and  also  for  salt  obtained  by 
evaporating  to  only  50^  or  55^  Tw. ;  it  takes  but  little  labour  and 
supervision.  But  it  is  not  so  well  adapted  for  suddenly  increased 
or  decreased  demands  upon  the  production ;  hence  it  is  not  so  much 
to  be  recommended  as  the  second,  discontinuous  plan  {dissolving  in 
special  vessels  and  slowly  crystallizing),  in  which  the  concentration 
can  be  regulated  at  will  and  larger  crystals  can  be  made« 

In  this  case  the  crude  salt,  already  deprived  of  mother  liquor, 
is  dissolved  by  water  and  steam  in  iron  or  wooden  cylinders  lined 
with  lead,  about  6  feet  wide  and  high.  It  is  best  to  surround 
iron  vessels  with  a  non-conducting  jacket.  The  steam  is  not  cm- 
ployed  directly,  but  in  a  coil  of  lead  pipe,  passing  outwards  again ; 
its  waste  portion  may  be  used  for  heating  the  drying-plates  (see 
below). 

The  liquor  is  run  off  best  by  a  swivel  pipe,  the  top  of  which 
carries  a  perforated  drum  (p.  518)  with  a  double  canvas  cover,  as 
here  every  impuiity  must  be  kept  out.  Each  such  tank  can  dis- 
solve 6  or  7  cwt.  of  crude  salt.    The  liquor  is  made  up  to  25°  Tw. ; 

2m2 
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at  26^  it  is  already  too  concentrated^  crystallizes  too  quickly^  and 
yields  too  small  crystals. 

For  dissolvings  half  mother  liquor  from  refining  and  half  con« 
densed  steam-water  from  the  drying-plates  are  taken  ;  the  rest  of 
the  mother  liquor  is  pumped  back  into  the  crude-salt  pans ;  and 
thus  an  accumulation  of  impurities  in  these  liquors  is  prevented. 
The  dissolving  takes  place  at  a  full  boiling-heat.  When  the  solu- 
tion has  got  up  to  strength^  it  is  allowed  to  settle  for  two  hours^ 
and|  by  gradually  turning  down  the  swivel  pipe^  is  then  run  into 
one  of  the  coolers.  Having  been  already  filtered  by  the  convas- 
covered  drum^  it  is  filtered  a  second  time  by  a  canvas  bag  sus* 
pended  at  the  end  of  the  leaded-out  spout  which  conveys  the  hot 
liquor  into  the  crystallizing-cones.  The  residue  from  dissolving 
is  put  back  into  the  pans  Q  Q  (figs.  164^  16^)^  and  thus  again  enters 
into  the  crude  salt. 

The  crystallizitig-vesseh  {cones)  for  the  finished  salt  must  be 
placed  in  a  very  clean  special  shed ;  its  bottom,  made  of  asphalt, 
stone  flags^  or  some  other  tight  material^  should  incline  towards 
a  catch-well,  to  save  any  thing  spilt.  The  cones  themselves  are 
usually  made  of  wood  and  lined  with  lead^  with  their  bottoms 
boat-shaped  or  oval,  or  inclined  to  one  side — all  for  facilitating 
the  running-off  of  the  mother  liquors.  The  cones  are  made  of 
pretty  strong  planks^  in  order  to  cool  slowly  and  furnish  large 
crystals.  For  the  same  purpose  planed  laths  are  put  into  the 
cones^  upon  which  the  finest  crystals  are  found.  The  crystallization 
takes  eight  or  nine  days  in  winter,  or  fourteen  days  in  summer. 
In  the  deepest  part  of  each  cone  there  is  a  plug- valve  for  running- 
off  the  mother  liquor  into  a  well,  from  which  it  is  pumped,  in  part 
to  the  dissolver,  in  part  back  to  the  crude-liquor  pans.  The 
crystals  are  drained  in  the  cones  themselves^  and  again  in  canvas 
bags  suspended  in  wooden  frames  or  in  lead-lined  wooden 
drainers  with  false  bottoms.  They  are  washed  with  steam-water 
(from  the  drying-plate)  till  the  chlorides  are  almost  entirely 
removed.  The  most  tenacious  is  the  lead  chloride ;  but  this  can 
always  be  kept  out  by  adding  in  the  dissolving  a  little  (say  ^  lb.) 
pure  soda-ash,  by  which  the  lead  and  some  lime  are  precipitated  as 
carbonates,  and  also  mechanically  carry  down  any  suspended 
flakes  of  ferric  hydroxide.  The  removal  of  the  lead  can  be 
effected  even  more  completely  by  adding  a  small  quantity  of 
sodium  sulphide*     With  proper  treatment  the  chlorides  in  the 
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potassium  chlorate  can  be  got  down  to  0*05  per  cent.  When  the 
evaporation  and  crystallization  of  the  crude  salt  has  been  carried 
on  in  iron  vessels^  very  little  lead  is  contained  in  the  chlorate ; 
but  the  pi^esence  of  some  has  been  distinctly  sLown^  e,  g.  by 
Hilger  (Wagner's  Jahresb.  1871,  p.  446). 

At  Pechiney's  works,  the  second  crystallization  is  performed  in 
very  shallow  (6-inch  deep)  leaden  vessels,  without  any  strips  of  wood 
or  lead  placed  inside ;  by  means  of  light  wooden  canvas-covered 
frames  the  cooling  is  prevented  from  being  too  rapid.  No  very 
large  crystals  can  be  thus  obtained,  but  this  does  not  matter  there ; 
on  the  contrary,  it  is  found  that  the  smaller  crystals  are  more  easily 
purified  by  centrifugalling  and  washing  than  larger  ones,  and  a 
chemically  pnre  product  can  be  thus  obtained,  1  cubic  metre  of 
liquor  yields  250  to  300  kils.  finished  crystals. 

The  washed  salt  is  dried  ou  a  hollow  iron  plate,  like  those  used 
in  calico-printing  works,  but  placed  horizontally  and  covered  with 
lead.  It  is  possible  to  dry  upwards  of  1  cwt.  per  square  yard  o£ 
surface  in  12  hours.  The  drying-plates  can  be  heated  by  the 
waste  steam  from  dissolving,  pumping,  and  grinding,  direct  steam 
from  the  boiler  making  up  the  deficiency.  At  the  other  end  there 
is  an  automatic  apparatus  for  discharging  the  condensed  water 
without  allowing  any  steam  to  escape.  This  water  is  collected  in 
a  well,  which  is  lined  with  lead,  and  employed  for  washing  the 
finished  and  dissolving  the  crude  salt.  Of:  course  care  must  be 
taken  that  no  crusts  are  left  on  the  lead,  by  scraping  it  with  a 
sharp  piece  of  hard  wood. 

The  crystals  are  now  sifted  through  a  sieve  with  8  holes  to  the 
linear  inch,  or  less,  as  required ;  the  powder  falling  through  is 
ground  while  still  warm  (when  quite  cold  it  is  apt  to  cake  together), 
iu  a  small  horizontal  mill  like  a  flour-mill,  between  granite  stones, 
or  "  French  burrs,"  to  an  impalpable  powder,  which  it  is  best  to 
drive,  in  a  cylinder  sieve  with  rotating  brushes,  through  miller^s 
gauze.  The  sifted  flour  is  best  dried  another  time,  and  is  well 
cooled  down  before  being  packed.  There  is  no  danger  in  grinding 
if  the  admixture  of  organic  substances  (wood,  straw,  &c.)  or  iron 
(nails,  &c.)  is  avoided,  and  if  care  is  taken  that  the  bearings  do  not 
get  heated  by  running  too  long,  especially  the  '^  eye "  of  the 
bottom  stone  (through  which  the  spindle  passes).  If  the  latter 
precaution  be  neglected,  an  explosion  may  take  place. 

The  English  Chemical  Works  Committee  of  Inquiry  recommends 
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the  use  of  overalls  for  the  workmen  in  the  grinding-roomSi  on 
account  of  clothing  becoming  impr^nated  with  chlorate  dast  and 
catching  fire,  also  the  use  of  some  such  lubricant  as  tallow  instead 
of  oil,  ventilating-cowls  in  the  roof,  electric  lighting  where  practi- 
cable, and  baths  kept  ready  for  use. 

Jurisch  (p.  44)  states  that  at  Muspratt's  the  ''finishing-house  *' 
was  constructed  entirely  of  stone  and  iron,  with  iron  frames  for 
the  roof  and  iron  doors,  rendered  necessary  on  account  of  the 
danger  from  fire  to  which  wood  is  exposed  if  covered  with  fine 
chlorate  dust  or  soaked  with  chlorate  liquor  and  then  dried. 
In  contrast  to  this  commendable  precaution,  the  crystallizing- 
cones,  the  staves  for  the  crystals  to  grow  on,  the  bogies  for 
carrying  the  salt,  &c.  were  all  made  of  wood.  Other  finishing- 
houses  are  made  of  brickwork,  with  a  stone  floor,  but  with  wooden 
doors  and  roofing- frames,  without  causing  any  harm.  Of  course 
there  must  be  no  fire  either  within  or  next  to  the  finishing-house, 
and  smoking  &c.  roust  be  strictly  prohibited.  The  heating  is  done 
by  steam,  the  lighting  by  reflectors  from  without  or  by  incandescent 
electric  light.  The  mill  ought  to  be  in  a  separate  fire-proof  shed^ 
to  prevent  any  small  explosions  from  setting  fire  to  the  finishing- 
house. 


Yields  and  Costs. 

The  cost  of  chlorate  of  potash  will,  of  course,  difi^er  very  much, 
according  to  whether  the  chlorine  is  made  from  native  manganese 
ore  or  by  the  Weldon  process.  By  Deacon's  process  also  much 
chlorate  is  made;  and  this  seems  to  be  very  appropriate,  since 
the  drying  of  the  gas  by  sulphuric  acid  is  unnecessary,  and  any 
contamination  by  carbonic  acid  does  no  harm. 

It  is  generally  assumed  that  1  part  of  potassium  chlorate  re- 
quires 6§  times  as  much  chlorine  as  1  part  of  bleaching-powder ; 
hence,  with  native  manganese  ore  containing  70  per-cent.  MuO^, 
about  6  tons  will  be  required  for  1  ton  of  chlorate.  The  latter 
moreover  requires  17  to  18  cwt.  of  good  (90-95-per  cent.)  muriate 
of  potash.  Theoretically,  only  12 J  cwt.  of  pure  KCl  or  13^  cwt. 
of  90-per-cent.  muriate  are  required  ;  the  remainder  is  lost,  prin- 
cipally in  the  mother  liquor — partly  as  such,  partly  as  chlorate. 
Besides,  about  2^  to  8  tons  of  lime  and  about  4  or  5  tons  of  coals 
are  needed  for  evaporating,  dissolving,  and  steam  for  the  enginesj 
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apart  from  the  fuel  required  for  manufacturing  the  chlorine.  The 
amount  of  labour  in  proportion  to  the  scale  of  the  manufacture 
differs  so  much  that  no  general  statements  can  be  made  about  it ; 
it  is  pretty  much  the  same  whether  2  or  8  cwt.  are  turned  out  per 
diem.  One  man  attends  to  the  absorbers,  another  to  the  pans  and 
the  crystallization  of  the  crude  salt,  a  third  and  a  boy  to  the 
refining  and  grinding ;  when  more  is  made,  one  or  two  men  are 
wanted  for  getting  the  lime  &c. 

According  to  experiments  by  P.  Hobrecker  (cited  by  Mylius  in 
Hofmann's  Bericht,  1875,  i.  p.  127,  but  without  stating  whether 
they  were  made  on  the  large  or  the  small  scale),  100  parts  of 
potassium  chlorate  require 

4431  -0  parts  hydrochloric  acid  of  82®  Tw. 
772*0     „     65-per-cent.  manganese. 
4180     „     lime. 
1%*7    „      92.per-cent.  potassium  chloride. 


2262-0    „     brown  coal. 


[Acid,  manganese,  coals,  and  lime  are  set  down  much  too  high, 
potassium  chloride  too  low.] 

Roscoe  and  Schorlemmer  (Lehrbuch,  ii.  p.  58)  give  the  quantities 
required  for  manufacturing  1  ton  of  chlorate  of  potash  as  follows — 
about  37  to  40  tons  hydrochloric  acid  of  sp.  grav.  1*15,  16  to  20 
cwt.  of  potassium  chloride,  3  tons  lime,  5^  tons  70-per-cent.  man- 
ganese, and  10  to  12  tons  of  coal. 

Juriscb  (p.  144)  states  that  100  parts  90-per-cent.  KCl,  which 
ought  to  yield  148  KClOs,  yield  only  104*7  with  the  ordinary 
process  (  =  70'8  per  cent.),  or  110*1  when  utilizing  the  mother 
liquors  described  p.  527  (=74*4  per  cent.).  Generally  it  may  be 
calculated  that  100  parts  potassium  chlorate  require  90  parts  90- 
per-cent.  muriate  of  potash,  of  which  25  per  cent. =22^  parts  by 
weight  are  lost  in  the  mother  liquors. 

The  consumption  of  hydrochloric  acid  is  stated  by  Jurisch  on 
p.  121  with  the  Weldon  process  =35  tons  acid  of  28°  to  30®  Tw. 
per  ton  of  chlorate ;  on  p.  142  he  gives  39^  tons ;  when  employing 
mother-liqnor  gas  only  29^  tons  of  30®  Tw.  (p.  135),  equal  to 
16  tons  of  90-per-cent.  common  salt.  With  the  Deacon  process, 
employing  the  HCl  recovered  for  the  Weldon  process  and  utilizing 
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the  mother-liquor  gas^  the  consumption  of  acid  was  only  21^ 
tons  of  30^Tw.=  ll§  tons  00-per-cent.  salt.  He  assumes  that 
1  ton  of  chlorate  requires  7^  times  as  much  chlorine  than  1  ton 
of  35-per-cent.  bleaching-powder  with  the  Weldon  process,  but 
only  4'7  to  5*85  fcimes  as  much  by  the  Deacon  process,  [For  the 
exceedingly  involved  calculations  upon  which  Jurisch  founds  the 
just-mentioned  assertion,  I  must  refer  to  the  original.  For  the 
Weldon  process  his  statement  is  rather  less  favourable  than  the 
usually  assumed  proportion  1 :  6§  or  1  :  7 ;  for  the  Deacon  process 
is  it  far  more  favourable  than  usually  allowed.] 

The  consumption  of  coals  is  stated  by  Jurisch  (p.  143)  =  15  or 
16  tons  (with  10  to  15  per  cent,  ashes)  for  1  ton  of  potassium 
chlorate,  in  comparison  with  1  ton  per  ton  of  bleaching-powder  by 
the  Weldon,  or  10  cwt.  per  ton  of  bleach  by  the  Deacon  process. 

The  following  items  are  also  from  the  same  source  (p.  147) : — 
The  consumption  of  manganese  ore,  when  employing  the  Weldon 
process  and  filter-pressing  the  mud  (p.  339),  does  not  exceed  5  cwt. 
per  ton  of  chlorate.  In  the  Deacon  process  the  cost  of  copper  and 
clay  ranges  from  20^.  to  49«.  per  ton  of  chlorate  (without  wages). 

The  consumption  of  quicklime  is  from  2*2  to  3*1  tons,  average 
2*77  tons  per  ton  of  chlorate. 

The  consumption  of  water  per  ton  of  chlorate  is  at  least  106 
tons,  72  tons  of  which  is  consumed  in  the  production  of  steam. 

For  the  total  cost  of  making  chlorate  of  potash,  Jurisch  (p.  156 
et  seq.)  gives  extremely  involved  calculations,  according  to  whether 
the  Weldon  or  the  Deacon  process  is  employed.  As,  especially 
with  respect  to  the  latter,  very  much  has  been  changed,  in  the  first 
instance  most  of  the  prices,  during  the  15  years  since  Jurisch 
obtained  his  notes,  we  shall  here  only  quote  the  quantities 
mentioned  by  him  as  required  for  manufacturing  100  kil.  chlorate 
of  potash  by  the  Weldon  process : — 

A.  For  manufacturing  the  chlorine  by  the  Weldon  process,  with 
utilization  of  mother  liquors : 

3000  kil.  hydrochloric  acid  32°  Tw. 
25   „   manganese  ore. 
520   „  quicklime. 
260   „  limestone  dust. 
750   „   steam  coals. 
Wages  about  5s. 
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B.  For  manufactaring  the  chlorate  itself : 

260  kil.  quicklime. 

90   ,y  muriate  of  potash  90  to  94  per  cent. 
1600  „  coals. 

Wages  about  6$. 

When  not  employing  the  mother  liquors  for  the  production  of 
chlorine^  the  cost  is  a  little  higher.  By  the  Deacon  process  it  is 
decidedly  less.  Jurisch  quotes  the  cost  =56^.  per  100  kil.  by 
the  Deacon  process,  against  62s.  by  the  Weldon  process  ;  for 
Germany  he  estimates  the  cost  by  the  Weldon  process  at  110^., 
by  the  Deacon  process  at  42s.,  evidently  much  too  high  for  the 
first,  and  much  too  low  for  the  second  case.  The  absurdity  of  his 
calculations  for  the  Deacon  process  has  been  demonstrated  by 
Eschellmann  (Chem.  Ind.  1889,  p.  54),  who  very  justly  points  out 
that  the  Germans  would  not  be  so  foolish  as  to  import  very 
large  quantities  if  they  could  manufacture  it  for  themselves  at 
prices  even  remotely  near  those  calculated  by  Jurisch  on  the 
basis  of  the  most  arbitrary  assumptions  [probably  about  one  half 
of  the  actual  cost].  Jurisch  replied  in  the  same  publication  1890, 
p.  101,  but  was  again  refuted  by  Eschellmann  on  p.  102. 

The  Magnesia  Chlorate  Process. 

Weldon  as  early  as  1871  (Engl.  pat.  2389,  1871)  proposed  to 
replace  the  lime  in  the  ordinary  chlorate  process  by  magnesia,  to 
decompose  the  MgCl^  formed  by  heat,  and  to  recover  therefrom 
both  magnesia  and  free  KCl  or  CI.  This  process  was  probably 
abandoned  because  the  above-mentioned  treatment  of  magnesium 
chloride,  which  had  roused  great  expectations  for  the  chlorine 
industry  generally,  presented  greater  difiBculties  than  had  been  at 
first  assumed.  According  to  a  later  patent  (No.  98,  1883)  Weldon 
proposed  to  employ  for  the  manufacture  of  chlorate  magnes^ium 
hydrate,  prepared  by  the  action  of  magnesium  chloride  on  calcium 
sulphydrate,  and  to  apply  the  MgClg  formed  over  again  for  the 
same  process,  viz.  Schafiner  and  Helbig^s  sulphur-recovery  process 
from  Leblanc  waste.  Vol.  II.  p.  857. 

The  magnesia  process  was  taken  up  again  by  Muspratt  and 
Eschellmann  (Engl.  pat.  3960,  5168,  &  5183, 1883).  Chlorine  is 
passed  into  a  milk  of  magnesia  and  water,  until  the  conversion 
into  magnesium  chlorate  and  chloride  is  complete.     Then  potassium 
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chlorate  is  added,  the  liquor  is  boiled  down  and  allowed  to 
crystallize.  The  MgClj  mother  liquor  is  boiled  down  to  dryness 
and  the  residue  is  decomposed  by  heat.  (Up  to  this  point  the 
process  is  identical  with  Weldon's.)  Or  else  the  first  liquor^ 
before  adding  the  potassium  chlorate,  is  boiled  down  to  between 
64^  and  76^  Tw. ;  on  cooling,  magnesium  chloride  crystallizes  out 
and  4  mols.  MgClj  remain  to  1  moi.  MgCljO^.  Now  potassium 
chloride  is  added,  and  the  potassium  chlorate  is  allowed  to  crystal- 
lize out,  from  5  to  10  per  cent,  of  it  remaining  in  the  mother  liquor. 
This  is  treated  with  hydrochloric  acid  and  steam,  to  evolve  chlorine 
from  the  chlorate ;  the  excess  of  HCl  is  neutralized  by  magnesium 
carbonate,  the  liquor  is  boiled  down  to  90°  Tw.  and  is  cooled 
down.  It  solidifies  to  magnesium  chloride,  which  is  sold  to  cotton- 
spinners  for  sizing  the  yarn,  or  decomposed  by  heating  to  MgO 
and  HCl.  Or  else  the  magnesia  is  precipitated  by  sodium  carbonate 
or  hydrate,  or  a  mixture  of  both,  and  used  over  again.  In  the 
latter  case  the  liquor  is  first  boiled  down  to  75°  or  80°  Tw.,  and 
a  little  MgClj  allowed  to  crystallize  out.  According  to  pat. 
No.  1900,  1885,  the  injurious  action  of  magnesium  chlorate  or 
hypochlorite  on  the  metal  of  the  boiling-down  pans  (which  would 
cause  the  magnesium  chloride  to  be  stained  red  by  ferric  oxide) 
is  to  be  prevented  by  adding  to  the  liquor  magnesia,  lime,  soda,  or 
a  reducing  agent,  or  by  converting  the  magnesium  chlorate  into 
potassium  or  sodium  chlorate. 

The  process  as  carried  out  by  Messrs.  Muspratt  has  been 
described  in  detail  by  Higgins  (Journ.  Soc.  Chem.  Ind.  1887, 
p.  248).  The  first  material  is  Euboean  magnesite,  containing  93  to 
97  per  cent.  MgCOa,  with  1*5  to  3*5  per  cent.  CaCOj,  and  1*5  to 
4'2  per  cent.  FcjOa,  &c.  It  is  more  easily  burned  than  limestone, 
0'7  to  4*5  per  cent,  remaining  in  the  product.  Well-burnt 
magnesia  is  light,  as  soft  as  chalk,  and  often  of  columnar  structure, 
like  starch.  When  too  much  burnt,  it  is  hard  and  dense  and  of 
no  use  for  the  chlorate  process. 

Later  on  (No.  2786,  1889)  Muspratt  and  Eschellmann  patented 
the  use  of  precipitated  magnesium  hydrate,  because  MgO  is  not 
sufiiciently  active.  The  magnesia  must  be  ground  very  fine  and 
made  with  water  into  a  milk,  which  is  exposed  to  the  treatment  with 
chlorine.  In  this  the  liquor  does  not  get  so  hot  as  with  lime,  viz., 
usually  only  43°,  or  at  most  60^,  while  similarly  treated  lime  liquor 
gets  much  hotter  [this  is  a  complete  refutation  of  the  statements  of 
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Jurisch^  p.  513].  Even  in  the  cold^  near  the  freezing-point,  the 
conversion  into  chlorate  is  complete  [this  entirely  agrees  with  my 
results,  p.  493]  •  The  liquors  show  between  40°  and  50°  T  w.  The  pink 
colour  in  this  case  is  not,  as  in  that  of  lime,  a  sign  of  the  com« 
pletion  of  the  process  ;  it  sets  in  already  when  very  much  magnesia 
is  still  left.  The  loss  of  oxygen  is  very  slight  ,*  the  proportion  of 
chloride  to  chlorate  approaches  5  :  1  and  rarely  exceeds  5*1  to  1, 
while  with  lime  it  varies  between  5*3  to  5*6,  and  5*4  is  considered 
good  work.  [This  evidently  arises  from  the  quicker  transition 
of  magnesia  hypochlorite  into  chlorate.]  Sometimes  a  very  un« 
pleasant  incident  occurs,  viz.,  the  changing  of  the  liquor  into  a 
pasty  mass,  through  the  formation  of  magnesium  oxychloride. 

The  finished  liquor  is  now  boiled  down,  in  which  process  no 
magnesium  chlorate  is  decomposed,  and  this  is  continued,  until 
on  cooling  half  of  the  magnesium  chloride  is  separated  as  MgCla, 
6H2O;  the  liquor  now  contains  2*8  mols.  MgCl^  to  1  mol. 
MgCl^Oe*  It  is  not  possible  to  go  further,  because  otherwise  the 
mass  on  cooling  gets  too  hard  and  is  not  easily  removed  from  the 
vessels.  The  magnesium  chloride  crystals  are  easily  freed  from 
the  mother  liquor;  this  is  mixed  with  exactly  the  theoretical 
quantity  of  potassium  chloride,  taking  care  not  to  leave  any  of 
it  imdissolved,  and  by  cooling  the  potassium  chlorate  is  made  to 
crystallize.  Any  excess  of  KCl  would  lead  to  the  crystallization 
of  camallite,  KCl,  MgClg,  6H2O,  and  must  be  avoided  for  that 
reason,  apart  from  the  loss.  The  crude  crystals  of  chlorate  of 
potash  have  quite  a  different  appearance  from  those  obtained  in  the 
lime  process,  and  they  are  much  purer.  Since  potassium  chlorate 
is  less  soluble  in  magnesium-chloride  solution  than  in  calcium- 
chloride  solution,  much  less  of  it  is  lost  in  the  mother  liquor,  and 
90  per  cent,  of  it  can  be  separated  by  crystallization.  While  in 
the  lime  process  the  average  left  in  the  mother  liquor  is  30  grams 
KCIO3  per  litre,  it  is  only  19  grams  in  the  magnesia  process,  and 
even  as  little  as  10  grams  has  been  found.  The  finishing  of  the 
crude  crystaU  takes  place  in  the  usual  manner^  and  is  very  easily 
performed. 

The  mother  liquor^  together  with  a  solution  of  the  previously 
crystallized  magnesium  chloride,  is  run  into  a  chlorine-still. 
Here,  by  means  of  hydrochloric  acid  and  steam,  all  the  chlorate  is 
decomposed  with  evolution  of  chlorine,  which  is  finished  at  60°  C. 
Care  must  be  taken  on  account  of  explosions    (p.  527).    The 
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liquor^  after  driving  out  the  chlorine,  is  neutralized  by  magnesia  in 
an  apparatus  constructed  without  any  iron  parts;  a  certain  quantity 
of  a  solution  of  magnesium  sulphate  (from  kieserite)  is  run  in,  in 
order  to  precipitate  the  lime  present  as  CaSO^,  and  the  liquor  is 
settled  in  order  to  remove  the  calcium  sulphate,  ferric  oxide,  &c. 

The  purified  magnesium-chloride  liquor  is  boiled  down  in  cast* 
iron  pans  (wrought-iron  is  too  much  acted  upon).  Here  more 
calcium  sulphate  is  always  precipitated,  and  iron  is  dissolved, 
which  cannot  possibly  be  separated  in  the  shape  of  protoxide,  but 
only  in  that  of  peroxide.  This  is  done  by  heating  the  liquor,  just 
before  finishing  it,  to  strong  boiling,  oxidizing  the  iron  (probably 
by  bleaching-powder)  and  precipitating  it  by  magnesia.  After 
settling,  the  greenish  liquid  is  ladled  off  into  casks,  where  it 
solidifies.  The  product  is  solid  magnesium  chloride,  with  47  per 
cent.  MgCl),  free  from  iron  and  CaClj. 

We  see  from  this  description  that  the  process  of  precipitating 
and  re-employing  the  magnesia  (p.  538)  was  not  carried  out.  The 
only  economical  way  of  proceeding  seems  to  be  to  manufacture 
crystallized  magnesium  chloride  for  cotton-sizing,  and  this,  con- 
sidering the  competition  from  Stassfurt,  seems  to  stand  in  the 
way  of  any  extension  of  that  process  beyond  local  limits  (compare, 
however,  the  new  patent  of  1889,  p.  538,  which  deals  with  the 
rein t reduction  of  the  magnesium  chloride  into  the  process  by  pre- 
cipitating  magnesium  hydrate) . 

In  the  nature  of  things,  the  magnesia- chlorate  process  should  be 
especially  adapted  for  such  works  where  chlorine  is  made  by  one  of 
the  magnesia  processes  described  in  the  next  chapter,  as  by  means 
of  these  ultimately  the  whole  of  the  chloriue,  not  merely  ^,  should 
be  converted  into  chlorate.  In  fact,  as  early  as  1871  this  was 
Weldon^s  aim  ;  but  he  was  not  in  possession  of  a  proper  way  for 
attaining  it,  nor  can  this  task  be  considered  as  accomplished  even 
at  the  present  day. 

According  to  Chem.  Zeit.  1888,  p.  1591,  the  Pechiney-Weldon 
process  (comp.  Chap.  XXIII.)  is  applied  to  the  manufacture  of 
chlorates  in  the  following  way  at  Salindres.  The  chlorine  is 
absorbed  in  a  milk  of  magnesia  and  water,  holding  from  50  to 
100  grams  JVlgO  per  litre;  this  takes  place  with  more  difficulty 
than  with  lime.  The  liquid  obtained  after  settling  tests  from  32^ 
to  40°  Tw. ;  it  is  boiled  down  to  100°  Tw.  (measured  hot)  and 
allowed  to  cool  in  iron  vessels,  most  of  the  magnesium  chloride 
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crystallizing  out.  Tbe  whole  mass  is  crushed  and  centrifugalled, 
which  causes  most  of  the  MgCl^  to  be  separated  from  the  mother 
liquor.  The  latter  is  boiled  down  again  and  mao^esi^  is  added, 
to  form  insoluble  magnesium  oxychloride ;  this  is  again  centri- 
fugalled^  and^  as  it  coutains  some  chlorate,  it  is  used  over  again  in 
the  next  operation.  To  the  solution  of  magnesium  chlorate,  now 
tolerably  pure,  potassium  chloride  is  added,  with  5  to  10  per  cent, 
excess  over  the  theoretical  quantity,  the  liquid  is  boiled  down  to 
74°  Tw.  and  al'owed  to  crystallize.  The  mother  liquors  contain 
the  excess  of  KCl,  with  a  little  KClOs  and  MgCl,.  The  whole  of 
the  magnesium  chloride  goes  back  into  the  Pechiuey-Weldon 
process  [which  seems  to  have  been  discontinued  at  the  same  works 
some  time  ago]. 

Weldon  (Engl.  pat.  5975,  1884)  proposes  mixing  magnesia  with 
potassium  chloride  and  treating  the  mixture  with  chlorine.  [This 
cannot  have  done  much  good.] 

Twynam  (Engl.  pat.  4397,  1881)  proposes  employing  burned 
dolomite  for  the  manufacture  of  potassium  chlorate. 

The  cost  of  chlorate  of  potash,  made  by  the  magnesia  process,  is 
calculated  by  Eschellmann  (Chem.  Ind.  1889,  p.  53)  to  amount  to 
622  mark  9a£26  per  ton  for  Germany ;  but  this  is  based  on  the 
assumption  that  the  magnesium  chloride  can  be  used  up  for  the 
P&:hiney- Weldon  process,  which  appears  impracticable.  His  calcu- 
lation  has  therefore  no  practical  value. 

Manufacture  of  Potassium  Chlorate  by  means  of  Zinc  Oxide. 

Bayer  (Engl.  pat.  17978,  1894)  employs  zinc  oxide,  free  from 
iron,  manganese,  and  arsenic,  made  into  mud  with  water  and  mixed 
with  1  mol.  KCl  to  S  mol.  ZnO.  Before  passing  in  the  chlorine 
the  temperature  is  raised  to  95^  or  98^  C,  in  order  to  prevent  the 
precipitation  of  zinc  oxychloride  and  yet  to  bring  as  much  ZnO  into 
alkaline  solution  as  possible.  He  states  that  it  is  converted 
directly  into  chlorate,  without  the  intermediate  stage  of  hypo- 
chlorite. The  liquor  is  evaporated  to  spec.  grav.  1*38,  cooled 
down,  the  crystals  of  potassium  chlorate  are  removed,  the  mother 
liquor  is  concentrated  to  spec.  grav.  1*71,  cooled  down  to  O^C, 
the  fresh  crop  of  crystals  is  removed,  and  the  last  mother  liquor  is 
boiled  down  to  spec.  grav.  1*9  or  upwards,  in  order  to  obtain  solid 
ZnClf ;  or  else  it  is  first  heated  with  hydrochloric  acid,  to  decom« 
pose  the  chlorate  still  present,  utilizing  the  chlorine.   In  the  Chem. 
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Zeit.  1895,  p.  1453^  Bayer  recommends  his  process  as  very  rational, 
without^  however,  adducing  any  proof  for  this  from  practical 
experience. 

Commercial  Chlorate  of  Potash. 

Chlorate  is  usually  packed  in  hundredweight  casks  laid  out  with 
blue  paper.  Powder  and  crystals  fetch  the  same  price.  In  regular 
work  about  2  or  3  parts  of  crystals  are  obtained  to  1  part  of  powder. 
The  latter  ought  to  be  of  a  snow-white  colour  and  as  fine  as  flour, 
without  any  grittiness.  The  crystals  ought  to  be  pretty  large 
plates^  thin/ brilliant  and  transparent^  not  porcelain-like;  the 
latter  may  easily  ocrur  from  excessive  drying. 

The  examination  of  chlorate  of  potash  is  usually  done  by  dissolving 
a  large  quantity  (by  which  a  perfectly  clear  solution  must  be  pro- 
duced, as  any  impurities^  especially  of  an  organic  nature,  may  cause 
very  unpleasant  consequences  in  using  the  chlorate)  and  testing  for 
chlorides  by  silver  nitrate.  Iron  or  lead  would  be  detected  by 
ammonium  sulphide. 

The  percentage  of  chlorides  is  usually  calculated  as  CaClj  and 
ought  not  to  exceed  0'05  per  cent. ;  according  to  Jurisch  since 
1876  the  limit  is  0'04  per  cent.  He  states  the  average  composition 
of  crystals  =9977  per  cent.  KClOg,  003  CaCl,,  020  HaOj  of 
powder  =99-82  per  cent.  KClOj,  003  CaCl,, 0-15  H,0. 

Gamier  (Fischer's  Jahresb.  1885,  p.  260)  has  sometimes  found 
arsenic  in  «hlorate  of  potash. 

Nitrate  of  potash  is  sought  for  by  Buchner  (eorf.  loco)  by  placing 
1  gram  into  a  test-tube,  adding  a  little  iron  filings  and  zinc  dust, 
then  caustic-potash  solution,  stopping  the  mouth  of  the  tube  with 
cotton- wool  and  covering  it  with  turmeric-paper.  A  strong 
evolution  of  gas  sets  in ;  in  the  presence  of  ^  or  1  per  cent,  nitrate 
the  turmeric-paper  turns  brown  in  a  few  minutes. 

Applications  of  Chlorates. — Chlorate  of  potash  is  principally 
employed  in  the  manufacture  of  lucifer  matches  (safety  matches), 
for  pyrotechuical  purposes,  and  sometimes  for  explosives.  Its  u&e 
for  the  latter  purpose  is,  however,  greatly  restricted  by  the 
dangerous  properties  of  all  explosives  prepared  with  that  reagent. 
Also  as  an  oxidizing  agent  in  dyeing  and  calico-printing,  where 
it  has  been  partially  replaced  by  chlorate  of  soda,  owing  to  the 
greater  solubility  of  the  latter.  Further,  in  the  manufacture  of 
alizarine  and  for  oxidations  in  some  other  industrial  branches  j 
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but  mostly  it  is  too  expensive.  It  is  used  in  laboratories  for 
preparing  oxygen — ^and  in  medicine,  especially  for  gargling  in 
cases  of  inflammation  of  the  throat,  &c. ;  but  large  quantities  have 
a  poisonous  action^  similar  to  other  potassium  salts. 

Statistical, 

Jurisch  (p.  219)  states  that  in  1887  there  were  ten  works  in 
Great  Britain  producing  5500  tons  chlorate  of  potash  per  annum 
(Fletcher^s  estimates^  made  in  1887^  amounting  to  7000  tons,  is 
probably  too  high).  To  this  100  tons  of  chlorate  of  soda  should 
be  added.  In  France  there  were  two  works,  turning  t>ut  500  tons 
of  chlorate  of  potash  aud  100  tons  chlorate  of  soda ;  in  Austria 
one,  making  450  tons ;  in  Germany  three,  making  300  tons.  Total 
6750  tons  of  potassium  and  200  tons  of  sodium  chlorate. 

Since  that  time  the  state  of  affairs  has  been  considerably 
changed  by  the  introduction  of  electrolysis^  which  will  be  explained 
when  dealing  with  that  subject. 

Korda  (Monit.  sclent.  1894^  p.  604)  estimates  the  4;otal  pro- 
duction in  1894  at  8000  tons,  of  which  5000  were  made  in 
England. 

Jurisch  (p.  224)  gives  a  table  of  selling  prices.  In  1867  the  ton 
of  chlorate  of  potash  in  Germany  cost  £126 ;  but  after  that  year, 
except  in  1872  and  1873,  the  price  constantly  declined,  and  in 
1885  had  diminished  to  j£49,  since  which  it  has  been  a  little  raised 
by  a  combination  of  the  makers.  In  England  the  price  has 
been  about  5d,  per  lb.  Chlorate  of  soda  was  for  some  time  sold 
at  fancy  prices;  but  from  1879,  when  its  manufacture  on  a  larger 
scale  was  introduced^  its  price  has  been  almost  steadily  £70 
per  ton« 

Chlorate  of  Soda. 

As  this  salty  owing  to  its  solubility  far  exceeding  that  of  the 
potassium  salt,  has  since  1877  largely  come  into  use,  especially  for 
aniline  black  in  calico-printing,  we  shall  briefly  treat  of  its  pro- 
perties and  preparation.  It  forms  colourless  crystals  of  the 
regular  system,  frequently  plate-shaped.  They  present  peculiar 
hemihedral  faces  and  corresponding  phenomena  of  circular  polariza- 
tion, pointed  out  by  Marbach  (Foggend.  Anual.  xci.  p.  482,  xciv. 
p.  412,  xcix.  p.  451).  The  salt  is  stable  in  the  air;  when  heated 
it  fuses  and  yields  pcrchlorate^  without  evolving  much  cxygeu. 
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Spec.  gray.  :=  2*289.     According  to  Kremers  (ib.  xcni.  p.  4}  100 
part8  of  water  dissolve 

at   0°      2(f     4f:f       60^        80^       100^      120°  C. 

81-9    99     123-5     1471     1756    282'6    833-8  parts  NaClO,. 

The  boiling-point  of  the  saturated  solution  is  at  132°. 
The  specific  gravities  of  solutions  at  19°-5  C.  are, 

for     10         15         20         25  80         85  per  cent.  NaClOs. 

1070    1-108     1147     1190    1-283     1282 

It  dissolves  at  16°  in  84  times  its  volume  of  alcohol  of  88  per 
cent.^  and  less  amounts  of  alcohol  at  higher  temperatures. 

According  to  Schloesing  (Compt.  Bend.  Ixxiii.  p.  1272)  sodium 
chloride  influences  the  solubility  of  sodium  chlorate  thus :  1 00  parts 
of  water  at  12°  dissolve  89-8  NaClOj  or  35-77  NaCl;  but  when 
both  salts  are  present  in  excess,  50*75  NaCiOs  &i^d  24*4  NaCl  are 
dissolved.  At  122°  C.  100  parts  of  water  dissolve  249*6  NaClOs 
and  11-5  NaCl;  and  on  cooling  down  to  12° C.  they  retain  68*6 
NaClO)  and  all  the  NaCl  (11*5).  This  behaviour  is  noticeable 
with  regard  to  the  preparation  of  the  salt. 

Chlorate  of  soda  was  formerly  made  from  chlorate  of  potash, 
usually  by  means  of  hydrofluosilicic  acid,  first  employed  by 
Wheeler  in  1817.  One  way  of  doing  this  is,  decomposing  chlorate 
of  potash  by  hydrofluosilicic  acid,  separating  the  solution  of  chloric 
acid  formed  from  the  precipitated  potassium  fluosilicate,  and 
saturating  the  chloric  acid  by  soda ;  the  solution  of  sodium  chlorate 
is  evaporated  and  cooled  down  for  crystallization. 

Or  else  the  hydrofluosilicic  acid  is  saturated  with  soda  and  the 
solution  of  sodium  fluosilicate  boiled  with  potassium  chlorate, 
whereby  a  solution  of  sodium  chlorate  is  formed  directly.  The 
hydrofluosilicic  acid  might  be  regenerated  from  the  potassium 
fluosilicate  by  heating  it  with  sulphuric  acid  and  passing  the 
evolved  mixture  of  silicon  tetrafluoride  and  hydrofluoric  acid  into 
water. 

Hydrofluosilicic  acid  is  made  by  heating  a  mixture  of  fluorspar, 
sand,  and  concentrated  sulphuric  acid  in  a  cast-iron  retort,  and 
passing  the  silicon  tetrafluoride  into  water,  where  it  decomposes 
into  hydrofluosilicic  acid  and  silica : 

8SiFU + 2H,0 = 2H2SiFle  +  SiO,. 
The  gelatinous  silica  might  give  some  trouble  by  stopping  up 
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the  gas-pipe^  &;c. ;  but  this  cai  be  prevented  in  various  ways — ^for 
instance  by  passing  the  silicon  tetrafluoride  gas,  not  through  a 
.column  of  water,  but  through  a  channel  in  which  it  comes  into 
contact  with  constantly  moistened  surfaces,  such  as  a  tower  loosely 
packed  with  bricks.  In  a  German  patent  (No.  9072,  May  30, 1879) 
Zenisek  and  Schmidt  describe  an  apparatus  for  this  purpose.  The 
silicon  tetrafluoride,  given  off  in  a  long  cast-iron  retort,  is  absorbed 
by  water  contained  in  a  vessel  provided  with  an  agitator,  which 
constantly  breaks  up  the  silica  separating  on  the  top  of  the  water,  and 
thus  offers  always  a  fresh  surface  of  water  to  the  action  of  the  gas. 

Wittstein  (Rep.  Pharm.  xxxviii.  p.  43)  first  suggested  the 
conversion  of  potassium  chlorate  into  ammonium  chlorate,  by 
>6vaporating  it  with  ammonium  sulphate  and  extracting  the  residue 
with  alcohol ;  the  alcoholic  solution  is  freed  from  alcohol  by  boilings 
sodium  carbonate  is  added,  and  by  further  boiling  ammonium' 
carbonate  escapes  and  sodium  chlorate  remains  behind.  [This 
process  is  probably  too  expensive,  as  loss  of  alcohol  and  ammonia 
cannot  be  avoided.] 

Bottomley  and  Molesworth  (Engl.  pat.  3005,  1881)  propose 
manufacturing  sodium  chlorate  from  potassium  chlorate  by  mean& 
of  sodium  bitartrate.  This  method,  prescribed  several  times  before 
(by  Hopper,  Orme,  Wittstein,  and  Winckler),  is  much  too  expensive* 

As  early  as  1817  it  was  proposed  to  precipitate  the  potash  in 
the  chlorate  by  means  of  aluminium  sulphate,  in  the  shape  of 
alum.  This  process  was  taken  up  by  Schlumberger  in  1872.  He 
adds  to  a  hot  solution  of  100  KCIO^  in  250  water,  362  aluminium 
sulphate  dissolved  in  181  water,  and  stirs  till  the  mass  is  cooled 
down.  The  solution  of  aluminium  chlorate,  separated  from  the 
alum,  is  decomposed  by  sodium  carbonate  into  alumina  and  sodium 
chlorate.  [This  process  is  hardly  practicable  on  a  large  scale,  as 
aluminium  chlorate  strongly  acts  upon  all  metals ;  apart  from  this, 
the  reactions  are  imperfect,  the  losses  are  great,  and  the  product 
is  very  impure.] 

The  direct  preparation  of  sodium  chlorate  by  the  same  process 
as  potassium  chlorate — that  is,  decomposing  calcium  chlorate  by 
sodium  chloride  into  2  mols.  NaClOa  and  5  (practically  at  least  5^) 
mols.  CaClj — is  not  practicable,  because  the  difference  of  solubility 
between  NaClOs  and  CaCl^  is  too  slight  for  effecting  their  separa- 
tion. Economically  impossible  is  Muck^s  proposal  (Germ.  pat. 
25785)  to  pass  chlorine  into  a  solution  of  sodium  carbonate  and 
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hydrate^  boil  down  to  dryness,  and  extract  the  residue  with  hot 
saturated  solution  of  sodium  chloride,  which  is  supposed  to  dissolve 
nothing  but  sodium  chlorate.  The  treatment  of  the  crude  calcium- 
chlorate  liquor  with  enough  sodium  carbonate  to  precipitate  all 
the  calcium  existing  as  chlorate  and  chloride  had  been  previously 
tried^  but  found  too  dear^  and  the  separation  of  NaClOj  from  5|> 
or  6  mols.  NaCl  is  too  difficult. 

The  direct  manufacture  of  chlorate  of  soda  on  the  large  scale 
was  first  effected  by  P^chine/s  processs  (Engl.  pat.  422  to  425^ 
1881).  The  ordinary  chlorate  liquor,  prepared  with  lime  and 
chlorine,  is  strongly  concentrated  in  iron  pans,  without  adding  any 
potassium  chloride,  till  100°  Tw.  is  reached,  and  is  then  cooled  down 
not  below  10°  and  not  above  12°  C.  Pour-fifths  of  the  CaCl,  now 
crystallize  out ;  the  mother  liquor,  which  is  almost  entirely  soaked 
up  by  the  crystalline  mass,  tests  119°Tw.,  and  contains  per  litre 
480  grams =1*2  mol.  CaCl,  to  664  grams =1  mol.  CaClsOe.  The 
patent  prescribes  adding  for  each  mol.  CaCls  8  mols.  CaO  in  the 
shape  of  powder,  with  a  little  water,  heating  to  80°,  and  allowing 
the  calcium  oxychloride  to  separate  by  cooling ;  the  solution  now 
contains  only  0*8  mol.  CaClj  to  1  CbCI^O^,  and  is  either  converted 
into  potassium  chlorate,  by  adding  KCl  (which  does  not  seem  to 
have  been  done  in  actual  work),  or  into  sodium  chlorate,  by  adding 
Na^SO^  and  sufficient  NasCOs  to  decompose  the  CaSO^  not 
precipitated.  On  evaporating  the  solution,  NaCl  is  separated 
in  the  hot  liquor  and  is  removed  by  fishing-out;  the  mother 
liquor  on  cooling  yields  sodium  chlorate.  The  fished  sodium 
chloride  is  freed  from  chlorate  by  washing.  The  calcium  oxy- 
chloride, which  of  course  retains  much  chlorate,  is  mixed  with  fresh 
milk  of  lime  and  again  converted  into  chlorate  by  treating  with 
chlorine  (comp.  Weldon,  Joum.  Soc.  Chem.  Ind.  1882,  p.  40). 

Jurisch  opines  that  this  process  would  involve  enormous  me- 
chanical and  chemical  losses,  and  must  have  been  quickly  abandoned. 
But,  as  I  have  reported  in  Chem.  Ind.  1888,  p.  225, 1  saw  it  in  full 
work  at  Salindres  in  1888 ;  all  the  chlorate  of  soda  turned  out  by 
that  works,  about  100  tons  per  annum,  was  then,  and  is  probably 
even  now,  made  by  that  process.  Only  the  formation  of  oxy- 
chloride has  been  left  out :  the  solution  containing  1*2  mol.  CaCIj 
to  ICaCljOe  is  employed  directly,  by  adding  sodium  sulphate  as 
long  as  any  calcium  sulphate  is  precipitated;  the  oxychloride 
process  is  only  applied  when  making  chlorate  of  baryta.     If  the 
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<K>ncentration  and  temperature  are  properly  chosen,  the  calcium 
-sulphate  is  precipitated  in  a  crystalline  form  and  can  be  almost  com- 
pletely freed  from  chlorate  by  washing.  The  CaSO^  sfcill  remaining 
in  solution  is  precipitated  by  sodium  carbonate;  the  filtered  liquid 
^eontains  nothing  but  NaCl  and  NaClOj. 

For  separating  these  two  salts  the  fact  is  made  use   of  that  a 
•oold  saturated  solution  of  both   salts  together  at  12^  C.  holds 
50-75  grams  NaClO,  and  24*40  grams  NaCl  in  100  c.  c,  but  a 
solution  saturated  in  boiling,  at  122°  C,  holds  249*6  grams  NaClOj 
and  11*50  grams  NaCl;  on  cooling  the  latter  to  12°  the  whole  of 
the  NaCl  with  only  58*6  grams  NaClOs  remains  in  solution,  and 
181  grams  NaClOs  must  crystallize  out.    The  solution  made  as 
above  is  evaporated  in  steam-jacketed  pans,  the  NaCl  crystallizing 
out  is  fished  out  and  washed  free  from  chlorate,  and  the  concen- 
tration  is  continued  to  100^  Tw.,  whereupon  the  liquor  is  run  into 
lead-lined  coolers.     The  crystallization  yields  about  175  kil.  sodium 
chlorate  from  1000  litres ;  the  mother  liquor,  which  contains  much 
•chlorate,  is  added  to  the  liquor  obtained  in  a  subsequent  operation 
and  concentrated  again. 

The  first  crystals  still  contain  1*5  per  cent.  NaCl,  which  is 
removed  by  a  second  crystallization.  The  second  crystals  are 
treated  just  like  the  potassium  salt  (p.  533)  and  thus  go  into  the 
trade. 

Weldon  (Engl.  pat.  424,  1881)  suggested  decomposing  the 
•crude  chlorate  liquor,  made  from  lime  and' chlorine,  directly  with 
sodium  sulphate  into  CaSO^  and  a  solution  of  sodium  chlorate  and 
•chloride.  This  process  does  not  seem  to  have  been  practicable ; 
but  a  very  similar  one  was  later  on  proposed  by  P^chiney  (Engl, 
pat.  16460,  1890) — the  action  of  chlorine  on  a  mixture  of  milk  of 
lime  with  the  equivalent  quantity  of  solid  sodium  sulphate  ;  this 
is  to  produce  a  much  more  concentrated  liquor.  Exactly  similar 
to  this  is  Nieske's  patent,  No.  10053,  1893. 

At  Widnes  they  manufacture  sodium  chlorate  by  Muspratt  and 
Eschellmann's  process  (Engl.  pat.  5183,  1883;  comp.  Jurisch 
p.  214).  Chlorine  is  passed  into  a  milk  of  magnesia  and  water 
(p.  537),  whereby  a  mixture  of  1  mol.  MgCl^Oe  and  5*2  mols. 
MgCls  is  produced.  This  is  sufficiently  evaporated,  and  the  greater 
part  of  the  MgClj  removed  by  crystallization,  so  that  only  2*8  mols. 
MgCl)  remains.  From  this  (or  from  the  crude)  liquor,  the  MgO  is 
precipitated  by  sodium  carbonate  or  hydrate,  and  the  filtered  solution 
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of  NaCl  and  NaClOs  is  boiled  down  to  100°  or  101^  TV.,  fishing" 
out  the  NaCl ;  on  cooling  the  sodium  chlorate  crystallizes.  The 
precipitated  magnesia  is  converted  into  chlorate  in  a  new  operation. 

Bolton,  Wylde,  and  Auer  (Engl.  pat.  8217,  1887,  and  10193, 
1888)  obtain  sodium  chlorate  as  a  by-product  in  the  manufactuie 
of  permanganate  from  manganate  by  chlorine. 

Best  and  Brock  (Engl.  pat.  19189, 1894)  manufacture  chlorate 
of  soda  by  passing  chlorine  into  solutions  of  carbonate  or  bicar* 
bonate  of  soda.  The  solution  of  Na^COs  is  made  of  spec.  gray. 
1*27,  and  is  saturated  with  chlorine  at  a  temperature  not  exceeding' 
87^  C.  The  evolntion  of  CO3  taking  place  prevents  a  rapid  rise  of 
the  temperature.  The  hypochlorous  acid  carried  away  with  the 
COs,  together  with  the  excess  of  chlorine,  are  absorbed  in  separate 
vessels  charged  with  sodium-carbonate  solution.  The  chlorine  i» 
best  pumped  through  the  solution  by  means  of  the  method  described 
in  patent  16151,  1893.  The  solution  obtained  (which  is  already 
very  concentrated)  is  evaporated,  the  NaCl  separates  and  is  re- 
moved,  and  the  NaClOg  is  subsequently  obtained  by  crystallization. 

Chlorate  of  Baryta. 

This  salt  was  obtained  in  1814  by  Gay-Liissac  on  treating 
caustic  baryta  with  chlorine ;  but  this  is  no  commercial  process* 
It  crystallizes  in  fine,  colourless,  clinorhombic  crystals,  containing 
1  moL  HjO,  and  composed  of  47*56  per  cent.  BaO,  46*85  per  cent., 
CljOj,  and  5*60  per  cent.  HjO.  The  water  is. expelled  at  120^ 
Spec.  grav. = 2988.  100  parts  of  water  dissolve  at  0°,  22*8 ;  at  20°,, 
57;  at  100°,  126*4  parts  ;  boiling-point  of  the  saturated  solution, 
111^  C.  Almost  insoluble  in  absolute  alcohol.  Barium  chlorate 
fuses  at  400°  ;  already  at  250°  it  yields  oxygen,  and  in  the  presence 
of  organic  substances  it  is  much  less  stable  than  potassium 
chlorate,  so  that  in  drying  it  explosions  may  be  caused  by  dust,  &c. 

Barium  chlorate  may  be  prepared  from  an  alcoholic  solution  of 
sodium  chlorate  by  adding  tartaric  acid ;  the  sodium  tartrate  is- 
almost  insoluble  in  the  alcohol,  and  we  obtain  an  alcoholic  solution 
of  chloric  acid,  from  which  barium  chlorate  can  be  obtained  by 
means  of  barium  carbonate  (Duflos).  A  little  cheaper  is  the 
treatment  of  an  aqueous  solution  of  sodium  chlorate  by  oxalic 
acid ;  on  artificial  cooling  by  a  freezing-mixture,  sodium  oxalate 
crystallizes  out  and  chloric  acid  remains  in  solution  (Bottger).^. 


.•CHLO&ATE  OF  BARYTA.  549 

Apart  from  the  expense,  neither  of  these  methods  yields  a  product 
iree  from  soda,  which  makes  it  useless  for  its  principal  application^ 
Tiz.  for  green  fire  in  pyrotechnical  preparations.  The  only  method 
formerly  employed  in  actual  practice  was  exactly  the  same  as  that 
at  one  time  used  for  sodium  chlorate,  viz.  decomposing  potassium 
chlorate  by  hydroSuosilicic  acid  and  neutralizing  the  free  chloric 
acid  thus  obtained  by  barium  carbonate.  I  saw  this  carried  out 
•on  a  manufacturing  scale  in  1864. 

It  is,  however,  cheaper  to  go  by  P^chiney's  process :  concen- 
trating the  crude  chlorate  liquor,  made  with  lime  and  chlorine, 
till  the  greater  part  of  the  CaCIj  can  be  separated  by  crystalli- 
.zation,  and  only  1*2  CaCl2  remains  with  1  CaCljOe  (p.  546).  To 
;this  exactly  1  mol.  BaCl2  is  added ;  on  cooling,  barium  chlorate 
crystallizes  out^  and  calcium  chloride  remains  in  solution : 

CaCiaOe  +  CaCij  +  BaClg = BaCljOe  +  2CaCl3. 

It  is  best  to  prepare  a  saturated  boiling  solution  of  barium 
chloride,  and  gradually  add  to  it  the  proper  quantity  of  concen- 
trated chlorate  liquor,  previously  separated  from-  the  calcium 
chloride.  The  crystals  formed  on  cooling  contain  about  10  per 
cent.  BaCla  ;  the  mother  liquor  contains  next  to  no  Ba,  but  some 
CaCIjOe,  and  returns  into  the  manufacture  of  potassium  chlorate. 
By  recrystallizing  pure  barium  chlorate  is  obtained ;  the  mother 
liquor,  which  contains  much  BaCl2>  is  again  employed  for  treating 
concentrated  chlorate  liquor. 

Apart  from  pyrotechnical  purposes,  chlorate  of  baryta  is  em- 
'ployed  in  tissue-printing ;  some  lakes  are  better  obtained  with 
the  chlorate  of  barium  than  with  that  of  potassium  or  sodium. 
It  is  also  by  far  the  best  starting-point  for  the  manufacture  of  free 
chloric  acid  or  of  any  other  chlorates,  by  adding  to  it  the,  exact 
proportion  of  sulphuric  acid  or  of  the  sulphate  of  the  base  in 
question. 
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CHAPTER  XXIII. 

OTHER  PROCESSES  FOR  THE  MANUFACTURE  OF  CHLORINE. 

The  number  of  processes  for  manufacturing  chlorine  in  other 
T^ays  than  those  hitherto  described^  and  everywhere  employed  in 
actual  practice^  is  exceedingly  large.  We  cannot  be  surprised 
at  this^  if  we  consider  that  formerly  chlorine  was  only  made 
by  means  of  an  intermediary,  manganese  ore^  which  was  both 
costly  and  at  that  time  found  only  in  a  very  few  localities.  Later 
on,  after  Weldon^s  process  had  reduced  the  consumption  of  native 
manganese  ore  to  a  minimum,  the  drawback  remained  that  only 
the  minor  portion  of  the  chlorine  of  hydrochloric  acid  could  be 
obtained  in  the  free  state.  A  further  impetus  for  inventing  new 
chlorine  processes  was  the  fact  that  the  ammonia-soda  process^ 
does  not  yield  any  hydrochloric  acid. 

The  most  important  class  of  the  new  chlorine  processes,  those 
founded  on  electrolysis,  will  be  treated  in  the  last  section.  The 
other  classes  may  be  grouped  as  follows : — 

I.  Chlorine  from  hydrochloric  acid,  made  by  other  processes 
than  the  usual  ones. 

II.  Chlorine  from  common  salt  without  converting  it  into  HCL 

III.  Chlorine  from  calcium  chloride. 

lY.  Chlorine  from  magnesium  chloride. 
Y.  Chlorine  from  ammonium  chloride. 

L  Chlorine  from  Hydrochloric  Acm,  made  by  othrr 
Processes  than  the  usual  ones. 

In  this  section  we  include  all  processes  by  which  first  of  all  HCl 
is  liberated  from  common  salt  or  other  chlorides,  and  afterwards- 
the  hydrogen  is  abstracted  from  the  HCl,  either  with  or  without 
previous  condensation  to  liquid  hydrochloric  acid,  by  other 
means  than  those  previously  described  and  hitherto  exclusively 
employed  in  actual  manufacturing  practice.      We  also  include  the 
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processes  which  start  with  mixtures  of  chlorides  and  sulphuric 
add ;  also  those  referring  to  manganese  chloride,  which  must  have- 
been  first  prepared  with  free  hydrochloric  acid. 

Chlorine  from  variofis  Metallic  Chlorides  by  means  of  Manganese 

Peroxide  and  Sulphuric  Acid. 

Sinks  (Engl.  pat.  1319,  1863)  prepares  chlorine  by  heating  the 
chlorides  of  manganese,  iron,  zinc,  calcium,  or  aluminium  with 
peroxide  of  manganese  and  sulphuric  acid,  in  which  case  of  course 
the  HCl  liberated  from  the  chlorides  acts  upon  the  MnO^.  This 
process,  evidently  useless  at  that  time,  received  only  provisional 
protection. 

In  several  modern  processes  the  starting  point  is  the  treatment 
of  manganese-sulphate  liquors,  formerly  run  to  waste,  in  such 
manner  that  the  manganese  is  re-converted  into  MnO,,  and  also 
the  sulphuric  acid  is  in  some  way  utilized. 

Dormer  (Engl.  pat.  6226,  1889;  comp.  p.  287)  decomposes 
Mn02  with  NaCl  and  sulphuric  acid,  treats  the  manganese- 
sulphate  solution  with  CaClg  to  produce  CaSO^  and  MnClj,  and 
recovers  from  the  latter  MnO^  in  the  usual  manner. 

Mactear  (Engl.  pat.  10813,  1884)  mixes  the  solution  of  MnSO^ 
with  MgCls,  boils  down  in  the  absence  of  air,  condensing  the  HCl 
given  off,  and  separates  in  the  residue  the  magnesium  sulphate 
from  manganese  oxide  by  lixiviation.  The  manganese  oxide  can 
then  be  further  oxidized  [in  what  way  ?]  to  produce  chlorine. 

Steedman  and  Kirkpatrick  (Engl.  pat.  18921,  1888;  889, 
1889)  boil  the  MnSO^  sohition  with  magnesium  carbonate 
(or  MgCls  and  CO3),  or  with  ammonium  carbonate ;  manganous 
carbonate  is  precipitated  and  magnesium  sulphate  is  dissolved. 
The  MnCOj  is  filtered,  washed,  and  converted  into  MnO,  by 
heating  with  air  (p.  321).  The  solution  of  MgSO^  is  dried 
down,  and  the  residue  heated  with  NaCl;  HCl  escapes  and 
the  residue  consists  of  NasS04  and  MgO,  which  is  obtained  by 
washing  out  the  Na9S04.  When  employing  ammonium  carbo* 
nate,  the  liquor  is  heated  and  the  NH^  recovered ;  the  residue 
consists  of  a  solution  of  sodium  bisulphate,  which  is  employed 
for  decomposing  NaCl  in  the  first  operation. 

Albright  and  Hood  (Engl.  pat.  9271,  1893)  produce  man- 
ganous sulphate  by  heating  manganese  ore  with  coal-dust  and 
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sulphuric  acid,  or  in  some  other  way,  and  treat  it  with  calcium 
•  chloride  (comp.  Dormer's  process,  pp.  287  and  551)  or  with  am-: 
monia,  in  order  to  submit  it  to  the  Weldon  process. 

Campbell  and  Boyd  (Engl.  pat.  3407,  1889)  begin  also  with 
converting  MnSO^  by  CaCl,  into  CaSO^  and  MnCl,.  60  to  70 
per  cent,  of  the  solution  of  manganous  chloride  is  to  be  mixed 
with  neutralized  still-liquor  and  to  be  worked  for  MnO^  by  the 
Weldon  or  Dunlop  process.  The  remaining  30  or  40  per  cent. 
MnCls  are  boiled  down  to  spec.  grav.  1*3  or  1*35,  mixed  with  an 
equivalent  quantity  of  Weldon  mud  which  has  been  freed  from 
GaCls  by  washing,  and  treated  with  sulphuric  acid.  Nearly  all 
the  chlorine  is  liberated ;  the  Mn  is  converted  into  sulphate,  which 
is  neutralized  with  washed  Weldon  mud  and  after  settling  is 
decomposed  by  CaCl^  as  above. — For  the  above-mentioned  object 
the  Weldon  (or  Dunlop)  mud  must  be  purified  from  lime  as  much 
as  possible,  by  treating  it  with  enough  hydrochloric  acid  to  dis^ 
solve  the  lime ;  the  chlorine  produced  is  expelled,  and  the  CaClg 
liquor  used  as  above ;  or  else  the  lime  of  the  mud  is  decomposed 
by  MnClj.  [The  object  of  this  and  previous  patents  of  the  same 
inventors  is,  of  course,  to  liberate  the  total  chlorine  from  HGl. 
They  must,  however,  for  this  purpose  employ  sulphuric  acid, 
equivalent  to  f  of  the  chlorine,  and  this  acid  reappears  as  calcium 
sulphate.  They  propose  to  utilize  this  as  ''pearl  hardening '' 
(Vol.  II.  p.  721) ;  but  this  is  impracticable,  both  on  account  of  the 
insufficient  purity  and  the  limited  sale  of  the  product.] 

In  'Industries,'  xiii.  p.  66,  some  details  of  the  working  of 
Campbell  and  Boyd's  process  are  given.  Instead  of  water,  the 
HCl  is  absorbed  by  still-liquor.  The  acid  solution  of  MnCl,  is 
heated  with  MnOg  and  this  is  repeated  until  a  very  concentrated 
solution  of  MnCls  has  been  formed,  which  is  boiled  down  to  dry- 
ness. The  dry  MnCl2  is  decomposed  with  sulphuric  acid,  exactly 
liKe  common  salt,  in  an  ordinary  saltcake-fumace ;  the  operation 
goes  on  much  more  quickly  and  at  a  lower  temperature  than  with 
common  salt. — According  to  the  other  process  the  MnCl,  liquor 
is  mixed  with  Mn029  the  mixture  is  treated  with  sulphuric  acid 
in  a  saltcake  fiirnace,  and  the  chlorine  is  utilized.  In  both  cases 
ultimately  MnS04is  obtained  which,  if  not  heated  too  little,  is  devoid 
of  chloride  or  free  HCl.  This  sulphate  is  now  converted  into 
carbonate.  It  is  dissolved  for  this  object  in  water  or  weak  ammo- 
nium sulphate  solution,  neutralized  with  gas  liquor,  if  needful. 
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and  settled.  The  el^ar  liquor  is  .ran  .through  threeror  -morp  paus^ 
provided  with  agitating-gear^  in  which  it  meets  ,the  gaseis  from  si 
gas-liquor  stilly  containing  mostly  ammonium  carbonate  and  sul* 
phide>  at  the  same  time  lime-kiln  gases  are  passed  through.  The 
NHs  is  completely  absorbed  and  converted  into  sulphate;  the 
manganese  is  converted  into  carbonate ;  the  excess  of,  CO3  and 
H9S  escape  and  are  utilized  in  some  shape.  The  mass,  when 
finished  in  any  one  of  the  pans^  is  neutralized  -with  manganous 
sulphate  solution  and  filter-pressed.  The  solution  coming  from 
the  press  is  worked  for  pure  ammonium  sulphate;  the  MnCOs  is 
-converted  into  80-85  per  cent.  MnO^  by  Dunlop's  process. 

Later  on  (Engl.  pat.  12426,  1893 ;  comp.  also  p.  322)  Campbell 
and  Boyd  mix  the  solution  of  manganous  sulphate  with  equivalent 
4quantities  of  sodium-carbonate  solution,  separate  the  MnCOg  from 
the  solution  of  Na^SO^  and  convert  it  into  MnO^  by  Dunlbp's 
process  (p.  821).  Or  else  they  run  the  solution  of  MnSO^  slowly, 
in  a  Weldon  oxidizer,  into  a  solution  of  caustic  soda  and  oxidize 
the  mixture  by  air,  whereupon  they  separate  the  Na^SO^  from  the 
i«covered  MnO^. 

Chlorine  by  Permanganates. — Condy  obtained  provisional  pro- 
tection (No.  3411,  1866)  for  the  evolution  of  chlorine  from  a 
mixture  of  common  salt,  sodium  permanganate,  and  sulphuric 
acid;  the  latter  was  gradually  to  be  added  to  the  mixture.  This 
process  was  to  be  employed  chiefly  for  disinfecting,  but  also  for 
manufacturing-purposes  when  quite  pure  chlorine  was  required. 
Comp.  also  the  patent  of  De  Sussex,  No.  11585,  1847  (in  the 
flection  ''magnesium  chloride^').  Balmain  (No.  1059,  1869)  adds 
nothing  novel. 

Later  on  Tessi^  du  Motay  took  up  the  employment  of  perman- 
^ganates  for  the  manufacture  of  chlorine  (Wagner's  Jahresb.  1871, 
p.  255 ;  1873,  p.  270).  He  passes  a  current  of  HCl  into  a  darkr^ 
red-hot  retort  filled  with  a  mixture  of  manganese  peroxide  and 
lime.  CI  and  H3O  escape;  MnO  and  CaCl^  remain  behind.  The 
chlorine  is  utilized  in  the  ordinary  way;  over  the  residue  a 
-current  of  air  is  passed  at  the  same  temperature  as  before ;  thus 
the  chlorine  contained  in  the  CaCl)  or  MnCls  becomes  free  and 
escapes,  mixed  with  N  and  air  in  excess.  The  gases  are  passed 
into  receivers  containing  a  mixture  of  CaO  and  MnO  (made  by 
decomposing  MnClj  with  an  excess  of  lime) ;  here  hydrated  MnO^, 
Ueaching-powder,  and  CaCl^  -are  formed.    This  mixture  is  treated 
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with  HCl  in  the  usual  way,  and  the  evolved  chlorine  passed  into 
bleach-chambers.  In  the  receivers  a  mixtnre  of  MnCl^  and  CaClr 
remains  behind,  which  is  treated  with  lime,  and  this  is  again  oon-^ 
verted  into  a  mixture  of  MnO  and  CaO  (both  hydrated).  The 
CaCl]  yielded  in  the  different  operations  is  treated  with  magnesium 
carbonate,  and  the  MgCl^  heated  so  as  to  obtain  HCl  from  it* 
The  inventor  asserts  that,  1st,  the  manganese  oxides  are  continue 
ally  regenerated ;  2nd,  all  the  chlorine  of  the  hydrochloric  add  ia 
obtained ;  and,  8rd,  all  the  chlorine  is  obtained  in  a  pure  state. 

Cosnett,  Bonnison,  and  Hayes  (pat.  No.  5849,  1893)  propose 
making  chlorine  from  the  calcium -chloride  liquor  of  the  ammonia* 
soda  process  by  sulphuric  acid  and  potassium  permanganate,  and 
to  manufacture  bleaching-powder  in  that  manner ! 

ChlcHnefrom  Chromates  and  Hydrochloric  Add. — MacDougal 
and  Rawson  (No.  123t3d,  1848)  patented  the  manufacture  of 
chlorine  by  heating  chromates  or  bichromates,  preferably  those  of 
calcium,  with  hydrochloric  acid,  either  in  the  free  or  the  nascent 
state.  The  residue  of  mixed  chlorides  and  chromium  salt  is 
treated  with  nitric  acid,  the  HCl  distilled  off,  and  the  residue 
heated  further;  the  chromate  is  thus  regenerated,  and  nitrous 
gases  are  evolved,  from  which  nitric  acid  is  recovered  by'  the 
action  of  air  and  water.  Peligot  (Ann.  Chim.  Phys.  [2]  lii. 
p.  267)  and  Gentele  (DingL  Joum.  cxxv.  p.  492)  recommended 
this  process.  They  employed  the  compound  2KCl,0rs0ey  dis- 
covered by  Peligot,  which  on  heating  to  100^  gives  off  its  chlorine 
almost  entirely  (Wagner's  Jahresb.  1861,  p.  177).  The  applica- 
tion  of  calcium  chromate  was  patented  by  Shanks  (No.  2018, 1858), 
with  the  addition  of  recovering  the  chromates  in  a  cheaper  way. 
Starting  from  calcium  chromate  and  hydrochloric  acid,  there  are 
formed  calcium  chloride,  chromic  chloride,  water,  and  chlorine, 
thus: 

2CaCr04+ 16HCl=2CaCl2  +  Cr^Cle  +  8HaO  +  6C1. 

Half  of  the  chlorine  escapes  in  the  cold,  the  other  half  is  driven 
off  by  heating ;  this  can  be  done  in  the  ordinary  chlorine-stills. 
The  green  solution  is  neutralized  with  lime,  and  by  more  lime 
all  chromium  precipitated  as  hydroxide : 

Cr,Cle  +  3Ca(OH)8= Crj,(OH)e  +  SCaCl,. 
Another  two  molecules  of  calcium  hydrate  are  added,  and  the 
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precipitate  collected  on  a  filter ;  the  solution  of  CaCls  runs  away ; 
and  the  mixture  of  chromium  oxide  and  lime  is  calcined  in  a 
reverberatory  furnace  at  a  dark-red  heat  with  excess  of  air;  oxygen 
is  absorbed^  and  calcium  chromate  regenerated,  thus : 

Cra08+ 2CaO  +  30  =  2CaCr04. 

The  chromium  oxide  thus  acts  as  carrier  between  the  atmo- 
spheric oxygen  and  the  hydrogen  of  HCl;  in  this  way  the  man- 
ganese ore  was  to  be  entirely  done  away  with.  But  theoretically 
from  16  molecules  of  HCl  only  6  atoms  chlorine  are  obtained, 
whilst  by  means  of  MnO^  8  atoms  01  would  be  got ;  the  excess  of 
HOI  practically  required  is  no  less  in  the  first  case  than  in  the 
second.  This  is  the  first  great  drawback ;  but  it  is  very  doubtful 
whether  the  cost  of  precipitation  by  lime,  filterings  and  calcining 
does  not  exceed  that  of  fresh  manganese  ore ;  and  in  no  case  can 
a  competition  with  the  Weldon  process  be  thought  of.  In  fact 
Shanks^s  process,  after  working  a  short  time,  was  given  up  again. 

Another  process  for  the  recovery  of  the  chromates  was  proposed 
by  Olaus  (pat.  No.  1054,  1867).  The  mixed  solutions  of  calcium 
and  chromium  are  evaporated  to  dryness  in  a  reverberatory  furnace 
with  a  brick  hearth,  and  the  residuary  mass  is  heated  with  admission 
of  air  at  a  temperature  somewhat  below  the  fusing-point  of  cal. 
cium  chloride — say,  between  the  melting-points  of  lead  and  zinc. 
Thus  calcium  chromate  is  recovered  and  hydrochloric  acid  and 
chlorine  escape  mixed  with  other  gases.  The  hydrochloric  acid  i» 
washed  out  in  a  coke-tower;  and  the  chlorine  is  retained  in 
another  tower  by  a  stream  of  water  holding  hydrated  lime  or 
magnesia  in  suspension.  The  hypochlorites  thus  formed  are 
utilized  for  generating  chlorine  by  means  of  hydrochloric  acid,  or, 
less  advantageously,  for  converting  chromium  chloride  into  chro- 
mate. If  magnesia  be  employed,  the  magnesium  chloride  formed 
is  decomposed  by  heat  into  hydrochloric  acid  and  magnesia.  The 
most  obvious  difficulties  of  this  process  are  the  evaporation  of  the 
acid  liquors  in  a  brick  furnace  and  the  complete  conversion  of  the 
chromium  chloride  into  chromate. 

Fitzgerald  (pat.  No.  5542,  1886,  and  5995,  1889)  proposes 
regenerating  chromic  acid  from  the  solution  of  chromic  oxide  by 
electrolysis. 

Mond  and  Hargreaves  (prov.  prot.  No.  1312,  1870)  pass  HCl 
with  air  over  magnesium  chromate,  &c. 
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Chlorine  from  Red  Lead  and  Hydrochloric  Acid. — Robinson 
(prbv.  prot.  No.  88,  1860)  produces  chlorine  by  treating  red 
lead  with  hydrochloric  acid;  the  PbClg  is  to  be  converted  into 
PbCOs  by  the  solution  of  a  carbonate  (preferably  that  of  am- 
monium), and  the  lead  carbonate  to  be  utilized  as  such  or 
converted  into  red  lead  by  heating.  [This  process  is  useless  for 
many  reasons.  By  the  reaction  Pb804+8HCl=8PbCl,  +  4H20 
only  a  quarter  of  the  chlorine  is  transformed  into  the  free  state, 
even  by  theory.  Further  drawbacks  are  the  high  price  of  lead, 
its  great  atomic  weight,  the  difficult  and  expensive  reconversion 
into  red  lead,  &c.  Even  as  a  white-lead  process  it  would  be  too 
Expensive.] 

•  Chlorine  from  HCl  by  Atmospheric  Air. — ^These  processes  are 
partly  predecessors  of  the  Deacon  process  (p.  871  et  seq.).  The 
first  of  them  was  patented  by  Oxland  (No.  10528,  1840) ;  the 
mixture  of  the  two  gases  is  passed  through  red-hot  pumice,  then 
cooled,  and  the  unchanged  HCl  washed  out  by  water. 

JuUion  (patent  No.  11425,  1846)  passes  HCl  and  oxygen  gas 
through  heated  platinum  sponge,  and  washes  the  chlorine  gas  with 
water.  Binks  (prov.  prot.  No.  1563,  1860)  decomposes  HCl  by 
atmospheric  oxygen  at  a  high  temperature  in  the  presence  of  a 
substance  retaining  the  water  but  not  the  chlorine.  In  1862 
(No.  1496)  he  again  applied  for  a  patent  for  the  same  thing,  adding 
to  it  the  employment  of  concentrated  sulphuric  acid;  and  once 
more  (No.  3085,  1862),  without  any  essential  novelty.  Sequeville 
obtained  provisional  protection  (No.  1831,  1865)  for  obtaining 
chlorine  by  passing  dry  HCl  and  air  over  red-hot  pumice;  in- 
versely a  mixture  of  chlorine  and  steam  under  like  circumstances 
yields  HCl  and  oxygen  gas  (which  seems  to  have  been  his  prin- 
cipal  object) ;  the  nitrogen  gas  obtained  in  either  case  is  to  be 
''  passed  over  red-hot  iron  in  a  spongy  state,  by  which  the  azote  is 
absorbed ;  when  hydrogen  is  brought  on  the  combination  of  azote 
and  iron  thus  formed,  the  decomposition  is  immediate,  and  a  lai^e 
quantity  of  ammonia  is  produced^'  (sic). 

Henderson  (patent  No.  3080,  1871)  passes  a  mixture  of  HCl 
and  air  over  bricks  or  blocks  of  ferric  chloride,  made  plastic  by  a 
little  clay,  heated  to  200^  Or  the  HCl  can  first  be  passed  over 
the  oxide  till  it  is  saturated,  and  then  heated  air  admitted,  which 
again  oxidizes  the  iron  and  liberates  chlorine.  The  latter  is 
brought  into  contact  with  fine  lime-dust  in  revolving  cylinders-* 
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This  process  is  founded  upon  the  same  reactions  as  those  of  Long«> 
maid,  Macfarlane,  and  Konigs  (comp.  below,  stib  No.  IL),  but 
adds  the  constant  action  of  ferric  oxide,  which  is  only  the  carrier 
of  the  reaction ;  and,  on  the  other  hand,  it  has  analogy  with  the 
processes  employing  cuprous  chloride  and  those  with  porous 
indifferent  bodies  in  a  red-hot  state,  among  which  it  is  enumerated 
in  this  place. 

Weldon  (patent  No.  2170, 1871)  passes  a  mixture  of  HCl  vapour 
and  atmospheric  air  over  platinized  asbestos  or  another  platinized 
porous  substance. 

Wigg  (No.  1725,  1873)  proposes  pumice,  Townsend  (No.  3483> 

1874)  manganese  or  magnesia  compounds,  for  the  same  object. 

Aubertin  (No.  1181,  1871)   passes   HCl   and  air  over  chromic 

oxide. 

A  general  investigation  of  the  mutual  action  of  hydrochloric 

acid  and  oxygen  in  the  presence  of  certain  metallic  compounds  has 
been  made  by  Lamy  (Bull.  Soc.  Chim.  1873,  vol.  xx.  p.  2).  His 
results  are  as  follows: — 1st.  All  compounds  of  copper,  iron, 
manganese,  and  chromium,  and  all  compounds  containing  only 
traces  of  these  elements,  as  pumice,  porcelain,  silica,  glass,  always 
yield  a  current  of  chlorine  if  they  are  heated  and  a  mixture  of 
hydrochloric  acid  and  oxygen  or  air  is  passed  over  them.  2nd. 
The  yield  of  chlorine  in  proportion  to  the  HCl  employed  i^ 
dependent  upon  the  nature  of  the  active  substance,  the  temperature, 
the  composition  of  the  gaseous  mixture,  and  the  rapidity  of  the 
gaseous  current,  drd.  If  oxides  or  chlorides  are  not  employed 
directly,  the  salts  are  decomposed,  e.  g,  cupric  sulphate  yields  first 
oxide,  then  chloride.  4th.  The  quantity  of  the  oxide  liberated  or 
the  chloride  formed  is  very  slight  in  proportion  to  the  quantity  of 
chlorine  gas  produced.  5th.  Under  like  conditions  the  yield  of 
chlorine  decreases  as  the  rapidity  of  the  gaseous  current  increases* 
6th.  On  employing  copper-salts  the  decomposition  is  at  its  maxi- 
mum at  about  440^  C.  At  this  temperature  and  with  mixtures  of 
HCl  and  O  or  air  which  contain  from  60  down  to  4  per  cent,  of 
of  HCl,  the  yield  of  chlorine  varies  from  20  to  95  [?]  per  cent* 
At  the  temperature  of  boiling  mercury  no  chlorine  is  evolved.  7th. 
Under  tike  conditions  the  oxides  of  manganese,  iron,  or  chromium 
yield  only  half  as  much  chlorine  as  copper ;  but  at  a  low  red-heat 
or  near  the  melting-point  of  glass  the  yield  of  chlorine  is  50  to  7& 
per  cent.     Mn^O^  yields  more  chlorine  than  FcjOs ;   the  chlorides- 
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of  the  former  are  also  less  volatile.  8tli.  Common  pumice  at 
350°  C.  yields  no  chlorine,  at  440°  C.  15  per  cent.,  at  a  red  heat 
80  per  cent.  When  purified  from  iron  by  hydrochloric  acid,  it 
yields  extremely  little  chlorine.  9th,  Porcelain,  apparently  pure 
silica,  Bohemian  glass,  and  alkaline  chlorides  (impure)  yield  only 
a  small  percentage  of  chlorine  at  the  heat  of  fusion  of  glass,  ferric 
chloride  being  volatilized. 

The  processes  in  which  the  oxidation  of  the  hydrogen  in  HCl 
IS  effected  by  atmospheric  oxygen,  always  in  the  presence  of 
^^  catalytic  substances/'  cannot  be  sharply  distinguished  from  those 
in  which  the  oxidation  first  goes  on  with  the  manganese  &c.,  as 
both  reactions  are  sometimes  carried  on  in  succession.  We  shall 
therefore  consider  these  combined  processes  in  this  place. 

Weldovis  Magnesium-Manganite  Process. 

This  process  (Engl.  pat.  2389,  1871 ;  817  &  2044,  1872)  was 
worked  out  by  Weldon,  in  order  to  avoid  the  objection  justly 
made  to  his  classical  manganese  recovery  process,  that  in  the  latter 
two-thirds  of  the  hydrochloric  acid  are  lost  in  the  shape  of  calcium 
chloride  and  only  one-third  is  obtained  as  free  chlorine.     The 
process  in  question  roused  many  expectations  ;  but  as  these  have 
not  at  all  been  fulfilled,  I  must  refer  to  the  detailed  description 
and  illustrations  given  in  the  first  edition  of  this  work,  vol.  iii. 
pp.  287  to  247 ;  only  a  brief  outline  will  be  given  here.     Acid 
manganese  liquors  are  saturated  with  magnesite,  the  settled  solu- 
tion is  boiled  down  to  that  point  at  which  HCl  would  begin  to  be 
given  off,  %,  e.  about  160^.     The  further  treatment  takes  place  in  a 
reverberatorry  furnace,  in  which  the  mixture  of  manganous  and 
magnesium  chloride  is  brought  to  dryness,  with  evolution  of  much 
*HC1  and  a  little  free  chlorine,  which  is  condensed  by  water  to 
liquid  hydrochloric  acid.     The  dry  residue,  consisting  of  MnCla, 
MgCl2>  MgO,  and  MnO,  is  heated  in  a  second  furnace  in  a  current 
of  air  at  ''blood-red  heat '/'  here  free  chlorine  is  given  off,  with  a 
little  HCl,  and  magnesium  manganite,  MgMnOs,  remains  behind 
in  the  shape  of  a  dense  black  powder,  always  containing  an  excess 
of  base.     This  is  treated  with  hydrochloric  acid  in  stone   stills 
exactly  like  ordinary  Weldon  mud ;  chlorine  is  liberated,  and  a 
mixed  solution  of  MgCl2  and  MnCla  is  formed,  which  is  neutra- 
lized with   magnesia   and   again   introduced    into  the   cycle   of 
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operations.  Thus  part  of  the  chlorine  is  obtained  in  the  con- 
centrated^ part  in  the  dilute  state,  and  there  is  little  or  no  waste. 

In  this  shape  the  process  seemed  to  be  very  imperfect^  and 
Weldon  (Engl.  pat.  222,  964,  965, 966,  of  1881)  tried  to  improve 
it  by  mixing  the  partially  boiled-down  solution  of  manganese 
and  magnesium  chloride  with  solid  magnesium  manganite  from  a 
former  operation,  in  order  to  obtain  a  more  porous  mass  on  drying. 
A  revolving  furnace  for  this  process  is  described  in  the  patents 
Nos.  4079  and  5868,  1888.  As  Weldon  has  informed  me  him. 
self,  the  only  reason  for  not  following  up  this  process  was  that 
the  employment  of  manganese  had  been  found  to  be  quite  un- 
necessary ;  comp.  the  P^chiney- Weldon  process,  sub  No.  lY.  of 
this  Chapter. 

Townsend  (Engl.  pat.  3483,  1874)  described  a  very  similar 
process. 

Buckse  (Engl.  pat.  No.  16320,  1894)  performs  the  magnesium- 
manganate  process  in  vertical  retorts,  heated  to  a  red  heat,  into 
which  is  introduced  at  the  top  the  mixture  of  1  mol.  MnCl2  and 
0*8  mol.  MgCl),  containing  25  or  30  per  cent,  water,  together 
with  air  and  superheated  steam ;  at  the  bottom  HCl  escapes  and 
the  compound  of  MgO  with  MnOs  is  withdrawn  in  the  shape  of 
porous  lumps,  easily  soluble  in  hydrochloric  acid  without  external 
heating  and  leaving  no  residue. 

De  Wilde  and  Reyckler^s  Process. 

This  process  (EngL  pat.  17272  and  17659,  1889)  employs  both 
magnesium  and  manganese  compounds,  but  it  has  also  considerable 
analogy  with  the  Deacon  process,  and  it  can  in  fact  be  carried 
out  almost  entirely  in  an  ordinary  Deacon  plant.  It  is  based  on 
the  following  facts  (taken  from  a  pamphlet  published  at  Brussels 
in  July  1890,  and  republished  in  the  'Moniteur  Scientifique/ 
1890,  p.  1109). 

If  equivalents  of  the  following  substances  are  fused  together : 

Epsom  salts  MgS04,7H80 

Crystallized  magnesium  chloride   ...  MgCl^,  6H2O 
„  manganous  chloride  . . .  MnClg,  4H3O 

and  by  further  heating  the  water  of  crystallization  is  expelled, 
much  HCl  goes  along  with  this,  and  the  residue  forms  a  reddish- 
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grey^  Hard/  friable/  yery  hygroscopic  mixture  of  MgSO^yMnClfy, 
and  MgO^MgCls/ almost  anhydrous.  If  this  mixture  is  heated 
in  a  muffle  to  a  dark -red  heat  in  the  presence  of  air^  both  HCl 
and  chlorine  escape,  and  the  residue  is  a  black,  porous,  hard 
mixture  of  anhydrous  magnesium  sulphate  and  magnesium  man- 
ganate,  MnsOgMgg.  If  this  is  heated  to  about  425^  C.  and  a  current 
of  HCl  is  passed  through,  at  first  a  very  regular  current  of  chlorine 
and  water  escapes,  which  is  gradually  mixed  with  more  and  more 
unchanged  hydrogen  chloride.     The  reaction  is : 

Mn808Mg3+  16HCl=3MgCl3+3MnCl,+8H,0+4Cl. 

The  magnesium  sulphate  does  not  enter  into  the  reaction.  Here, 
therefore,  one-fourth  of  the  chlorine  is  given  off,  and  that  in  the 
concentrated  state.  The  residue  is  heated  rather  higher,  to  about 
525°  C,  and  a  current  of  dry  air  is  passed  through.  J«IoW,  again, 
chlorine  is  given  off,  bat  diluted  with  air  : 

SMgCla+SMnCls+SOrrMgsOgMnj  +  12C1. 

Thus  the  magnesium  manganite  has  been  re-formed  in  its  mixture: 
with  the  unchanged  magnesium  sulphate ;  it  is  once  more  treated 
at  a  rather  lower  temperature  with  HCl,  then  again  with  air,  and 
so  forth. 

If  during  the  treatment  with  HCl  the  temperature  rises  too 
much,  oxygen  is  liberated,  all  the  more  the  higher  the  tempera* 
ture,  the  reaction  being : 

MnjOgMga  +  12HC1 = SMnCls + SMgCl,  +  6H,0  +  20. 

The  inventors  state  that  they  obtained,  with  an  experimental 
apparatus  containing  18  cwt.  of  converting-substance,  and  7  ft  .8  in., 
high,  a  decomposition  of  76  per  cent,  of  the  HCl.  During  the 
period  of  oxidation  the  gas  contains  on  an  average  18  or  20  per  cent^ 
chlorine  by  volume,  and  1  or  2  per  cent.  HCl,  the  latter  owing  to 
the  moisture  of  the  air ;  later  on  the  gas  is  weaker.  With  18  cwt. 
of  converting-substance,  3  cwt.  of  chlorine  can  be  made  in  24  hours. 
In  order  to  make  a  ton  of  chlorine  per  day,  6  tons  of  substance 
would  be  required,  against  30  tons  of  contact  substance  contained 
in  a  Deacon  apparatus.  Only  6  per  cent,  of  the  HCl  is  absolutely 
lost;  that  which  is  not  converted  into  chlorine  is  recovered  a» 
acid  of  80^  Tw. 
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This  process  would  from  the  first  attain  a  decoiuposition  of 
upwards  of  70  per  cent,  of  the  HCl^  and  would  turn  out  part  of 
the  chlorine  altogether  pure^  and  the  remainder  more  concentrated 
than  Deacon  chlorine. 

The  inventors  believe  that  by  their  process  they  can  produce 
twice  as  much  chlorine  with  the  same  cost  of  plant  as  the  Deacon 
apparatus  (£6000  for  18  or  20  tons  bleaching-powder  per  week) . 
The  contact  mass  is  nothing  like  so  sensitive  as  Deacon's,  and  its 
eventual  renewal  costs  very  little.  They  give  the  following  esti- 
mate of  the  cost  of  1000  kil.  of  chlorine  (without  details) : — 

1333  kil.  gaseous  HCl 109  francs. 

Coals^  wages^  repairs    47      „ 

156      „ 

This  suffices  for  nearly  3  tons  of  bleaching-powder  [here  it  is 
overlooked  that  about  10  per  cent,  of  the  chlorine  is  lost  in  the 
manufacture  of  bleaching-powder]. 

A  new  patent  of  De  Wilde,  Beychler,  and  Hurter  (No.  20284^ 
1892)  describes  a  decomposer,  divided  into  several  compartments, 
one  above  the  other,  and  separated  by  earthenware  or  iron  grids  ; 
the  gas  enters  at  the  top  and  leaves  at  the  bottom.  The  decom- 
posed mass  can  be  renewed  without  any  interruption  of  work  by 
means  of  man-hole  doors,  lined  with  earthenware,  in  conn^ion 
with  each  compartment.  If  air  and  HCl  are  introduced  at  the 
same  time,  a  single  decomposer  suffices ;  but  if  hot  air  and  HCl 
gas  are  introduced  one  after  the  other,  it  is  preferable  to  employ 
several  decomposers  to  serve  in  turns. 

Chlorine  from  Hydrochloric  Acid  after  conversion  into  Mag- 
nesium  or  Calcium  Chloride,  ^c. — All  processes  for  manufacturing 
chlorine  from  magnesium  chloride,  &c.,  can  be  equally  applied  to 
hydrochloric  acid,  e.g.  by  allowing  it  to  act  upon  MgO,  which  is 
always  recovered  later  on.  But  it  is  not  possible  to  carry  this  out 
economically,  as  has  been  especially  proved  in  working  out  the 
P^hiney-Weldon  process.  If  once  free  hydrochloric  add  has 
been  obtained,  it  is  best  to  submit  this  to  one  of  the  previously 
known  processes.  The  new  processes  could  only  be  thought  of 
for  otherwise  valueless  chlorides,  like  the  CaCl^  from  the  ammonia- 
soda  manufacture,  or  the  MgCls  in  Stassfurt  mother  liquors  ;  these 
will  be  described  further  on  (III.  and  lY .) . 

VOL.  III.  2  o 
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Chlorine  from  Manffonous  Chloride  and  Oaeygen. — ^When  Weldon 
was  working  out  his  magnesia-chlorine  process  (p.  558), he  noticed 
that  dry  manganoos  chloride  by  itself  can  be  completely  decom- 
posed by  oxygen  and  converted  into  Mn^Oa.  This  had  been  long 
before  patented  by  Barrow  (No.  485,  1855) ;  also  by  Tessi^  da 
Motay  (Nos.  470  and  2232,  1871).  Weldon's  own  patents  are 
Nos.  4079  and  5868,  1888.  If  a  solution  of  neutral  MnCl,  is 
carefully  brought  to  dryness  at  temperatures  not  exceeding  200°  C, 
it  is  not  decomposed,  contrary  to  the  ordinary  assumption,  but  it 
yields  pure,  diy  MnCl^*  ^  ^^  ^^  heated  in  a  current  of  air 
to  a  dark-red  heat,  we  obtain  Mnfii  and  firee  chlorine.  But  in 
order  to  make  this  decomposition  complete,  we  must  prevent  the 
mass  from  fusing  by  mixing  it  with  its  own  weight  of  the  residue 
from  a  previous  operation.  The  MusOj,  when  treated  with  hydro- 
chloric acid,  yields  more  chlorine,  MnClj  being  re-formed.  The 
reactions  are : — 

1.  Mn,08+6Ha=2MnCl2+8HsO+2Cl, 

2.  2MnCl,+80     =  MnA+^Cl. 

Hence  all  the  chlorine  is  liberated  :  one-third  (by  equation  No.  1) 
in  the  concentrated  state;  two-thirds  (No.  2)  diluted  with  nitrogen 
and  excess  of  air,  but  rather  less  than  Deacon  gas,  viz.  containing 
7  or  8  vol.  per  cent,  pure  chlorine. 

This  process  is  very  fine  in  theory,  but  failed  in  practice.  The 
pulverulent  M2O3  cannot  be  treated  like  manganese  ore  or  Weldon 
mud,  and  is  very  imperfectly  decomposed  by  hydrochloric  acid. 
In  order  to  make  use  of  the  very  acid  still-liquor  obtained,  it  had 
to  be  neutralized  with  hydrated  manganous  oxide,  precipitated 
from  MnClj  by  lime,  which  means  losing  the  corresponding  CI  as 
CaCl2.  A  second  drawback  is  that  the  mixture  of  MnCls  &nd 
MusOg  is  too  friable.  Whatever  means  may  be  employed  for 
moulding  it  into  lumps,  these  soon  fall  to  pieces  during  the 
reaction  of  the  hot  air  (the  temperature  is  about  700°),  and  the 
air  does  not  then  penetrate  through  the  mass.  It  was  tried 
to  employ  a  retort  turning  round  a  horizontal  axis,  but  this  also 
failed,  and  the  process  had  to  be  given  up,  although  it  had  been 
found  that  manganous  chloride  is  one  of  the  chlorides  most  easily 
decomposed  by  air  (Gall,  in  Wurtz's  Diet,  de  Chim.,  2nd  Supple- 
ment, i.  p.  1089). 

The    P^chiney- Weldon  magnesium-chloride  process  was  also 
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origindlly  intcDded  for  application  to  Leblanc  hydrocUoric  add. 
But  as  the  inventors  soon  convinced  themselves  that  this  would 
ihardlj  pay^  and  that  it  must  find  its  essential  application  upon 
magnesium  chloride^  either  from  Stassfurt^  or  from  the  mother 
liquors  of  the  sea- water  salt-gardens,  or  from  the  manufacture  of 
^^Uorate  of  potash,  we  shall  refer  to  it  under  magnesium  chloride 
(No.  IV.). 

Chlorine  from  Manganoua  Chloride  and  Ferric  Oxide,  ^c. — 
Macfarlane  (Engl.  pat.  9234, 1884)  evaporates  a  solution  of  MnCls 
to  dryness,  grinds  the  residue  to  powder,  mixes  with  1  to  4  parts 
<A  ferric  oxide,  and  heats  in  a  muffle,  with  stirring,  in  a  current  of 
•dry  air  to  400^0.  Chlorine  and  a  little  HCl  is  evolved;  the 
xetidue  contains  the  ferric  oxide  with  MnO^  or  Mn^Oa.  When 
treating  it  with  hydrochloric  acid,  chlorine  is  liberated  and  MnCl^ 
iis  re-formed ;  the  Fe^Og  is  not  acted  upon. 

Very  similar  to  this  is  Bramley's  patent  (No.  8289,  1887)  ;  he 
f>roposes  to  utilize  the  residual  mixture  of  ferric  and  manganic 
oxide  in  the  manufacture  of  iron  or  steel. 

Similar  patents  are  those  of  the  Yerein  fiir  chemische  Industrie 
in  Mainz  (Engl.  pat.  3822, 1886,  comp.  sub  No.  Y.,  ammonium 
xshloride)  and  of  Bums  (No.  15488,  1886). 

Chlorine  by  Ferrous  or  Ferric  Chloride  and  Air. — ^Thibierge 
'(Engl.  pat.  2290,  1855)  passes  dry  HCl  gas  over  heated  iron,  and 
•conveys  the  hydrogen  formed  into  a  gas-holder.  The  FeCl^  is 
^exposed  in  the  same  vessel  to  the  action  of  a  current  of  dry  air, 
.iind  by  this  decomposed  into  ferric  oxide  and  chlorine. 

The  same  action  is  also  utilized  in  the  patent  of  Macfarlane 
<A  1863  (compare  this) ;  on  it  also  are  based  those  of  Longmaid, 
Konigs,  Henderson,  and  others. 

Swindells  and  Nicholson  (Engl.  pat.  890,  1852)  pass  oxygen, 
•obtained  by  the  baryta  process,  with  or  without  atmospheric  a;ir 
through  heated  MnClj  or  FeCla,  in  order  to  prepare  chlorine. 

Larkin  and  White  (pat.  3098,  1870)  patent  the  manufacture  of 
^lorine  in  general  by  passing  dry  air  over  anhydrous,  red-hot 
magnesium  or  ferric  chloride  or  other  suitable  chlorides.  A  con- 
tinuous process  is  to  be  carried  on  as  follows: — ^A  current  of 
HCl  is  passed  over  a  hot  metallic  chloride  (or  metal)  ;  when 
this  has  been  superficially  converted  into  chloride,  atmospheric 
.air  is  passed  through  the  same  chamber,  the  HCl  in  the  mean- 
time passing  into  a  second  chamber,  &c.    .Larkin,  Leighton, 

2o2 
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and  White  (pat.  1518^  1871)  describe  the  manner  of  obtaining  the 
ferric  chloride  for  the  above  purpose. 

Mond's  Nickel-Oxide  Process. 

Mond's  Engl.  pat.  No.  8308,  1886,  describes  the  process  a» 
follows : — Gaseous  HCl  is  brought  into  contact  at  a  high  tempe^^ 
rature  with  nickel  oxide  (the  other  metallic  oxides  mentioned  in 
the  specification  have  apparently  never  come  into  use),  which 
produces  the  chloride,  the  water  escaping.  If  the  product  of  the 
reaction  is  treated  with  heated  air,  the  original  oxide  is  regene- 
rated and  chlorine  is  set  free.  The  nickel  oxide  is  moulded  into 
lumps;  or  pumice  is  impregnated  with  nickel  chloride  in  the 
fused  state  or  in  solution,  and  by  heating  in  a  current  of  air  NiQ 
is  made  from  it.  This  contact  substance  is  placed  in  earthenware 
or  in  cast-iron  retorts  lined  with  fire-proof  material,  in  which  it 
remains  once  for  all.  Here  alternately  a  current  of  heated 
hydrogen  chloride  gas  and  one  of  heated  dry  air  is  injected,  then 
again  HCl  and  so  forth.  It  is  stated  that  the  HCl  is  completely 
converted  into  chlorine,  and  that  more  dilute  and  impure  gas  than 
with  the  Deacon  process  can  be  employed. 

If  this  assertion  had  been  correct,  Mond's  process  would  have 
at  once  replaced  Deacon's,  on  the  supposition  that  the  loss  of 
nickel  by  volatilization  and  by  the  contact  substance  becoming 
inactive  did  not  prevent  it ;  as  nickel  is  much  dearer  than  copper, 
this  was  certainly  a  very  important  point.  At  all  events  the 
nickel  process  never  emerged  beyond  the  experimental  stage.  It 
was  possibly  from  the  first  not  intended  to  be  applied  in  the 
Leblanc  process,  but  only  as  an  adjunct  to  the  similar  process 
intended  for  making  chlorine  from  ammonium  chloride,  which  we 
shall  describe  sub  No.  Y.  It  has  never  entered  into  serious  com* 
petition  with  the  Deacon  process. 

A  similar  claim  for  producing  chlorine  gas,  almost  free  fron 
HCl,  from  a  mixture  of  HCl  and  air,  is  raised  by  Eschellman  and 
Mond's  patent  (No.  17373,  1887),  in  which  the  contact  substanee 
is  a  mixture  of  magnesia,  with  5  or  10  per  cent,  sodium  or  potas- 
sium chloride,  and  5  or  10  per  cent,  of  china-clay;  the  tempe- 
rature of  treatment  to  be  between  460°  and  550°.  We  describe 
this  prooess^also  sub  No.  Y.  (Ammonium  Chloride).  So  much  is 
certain,  that  the  just-mentioned  contact  substance  has  not  yet 
replaced  Deacon's. 
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Manufacture  of  Chlorine  by  means  of  Nitric  Acid  or  Nitrates. 

Watt  and  Tebutt  (Engl.  pat.  7581  &  7538,  1888)  prodnce 
chlorine  by  heating  lead  chloride  with  nitric  acid,  or  from  common 
«alt  and  nitric  acid,  with  or  without  adding  protoxide  of  man- 
ganese or  lead  or  chromic  acid,  or  by  heating  common  salt  with 
nitrate  of  baryta  or  lead,  &;c. 

We  again  meet  the  heating  of  common  salt  with  nitric  acid  in 
the  patent  of  MacDougal  and  Rawson  (No.  12888,  1848),  which 
otherwise  treats  of  the  manufacture  of  chlorine  by  the  aid  of  chro- 
mates  (p.  554).  Here  we  also  meet  with  the  recovery  of  nitric 
acid  from  the  lower  oxides  of  nitrogen,  whichever  way  these  may 
bave  been  obtained,  by  the  aid  of  air  and  water. 

Binks  (No.  7968,  1889)  makes  chlorine  by  passing  4  vols,  of 
liydrogen  chloride  gas  and  1  vol.  of  the  gases  obtained  by  heating 
nitrate  of  soda  at  a  red  heat  through  red-hot  stoneware  pipes ; 
thus  a  mixture  of  chlorine,  nitrogen,  and  water  is  obtained  with 
imdecomposed  HCl,  which  is  removed  by  washing.  In  the  same 
manner  chlorine,  carbon  monoxide,  and  water  is  obtained  from 
1  vol.  HCl  gas  and  2  vols,  carbonic-acid  gas. 

The  first  patent  in  this  direction  which  was  turned  to  real  use 
was  that  of  Dunlop  (No.  11624,  1849),  already  mentioned  (Vol.  I. 
p.  414),  in  which  a  mixture  of  common  salt  and  nitrate  of  soda  is 
heated  with  sulphuric  acid  in  iron  cylinders,  and  the  mixture  of 
gases  evolved  is  passed  first  through  sulphuric  acid,  where  the 
nitrous  vapours  are  retained,  then  through  water,  where  the  HCl 
is  washed  out,  and  ultimately  free  chlorine  is  left.  (Exactly  the 
same  process  was  patented  by  Roberts  and  Dale  nine  years 
afterwards.  No.  2242,  1858.)  This  process  has  been  actually 
worked  for  many  years  at  Tennant's  works  at  St.  Rollox. 

Dunlop's  process,  as  well  as  the  more  recent  nitric-acid  pro- 
4>es8e8,  has  been  submitted  to  a  laboratory  investigation  by  myself, 
in  conjunction  with  Pelet  (Zsch.  f.  angew.  Chem.  1895,  p.  3),  to 
which  paper  we  shall  again  refer  in  the  following  pages.  Since 
Jill  these  processes  are  based  on  the  reaction  going  on  in  aqua 
regia,  a  beginning  was  made  with  an  investigation  of  the  latter. 
We  found  that  H.  Goldschmidt's  view,  put  forward  in  1879,  is 
^correct,  the  reaction  being : 

8HC1+HN03=H,0+N0C1  +  C1,. 
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The  nitrosyl  chloride,  in  contact  with  water  or  snlphnric  acid^ 
is  decomposed  as  follows : 

NOCl + H,0 = NOOH  +  HCL 

These  equations,  however,  express  only  the  ultimate  result,  and 
that  only  approximately ;  in  the  single  stages  of  the  evolution  of 
gases  the  proportions  more  or  less  deviate  from  those  given  above.. 

In  Dunlop's  process  the  mixture  of  chlorine  and  nitrous  gases 
is  passed  through  moderately  strong  sulphuric  acid  ;  the  chlorine 
passes  through  unchanged,  and  is  worked  up  into  bleaching* 
powder,  the  nitrous  gases  are  retained  by  the  sulphuric  acid ;  th& 
*' nitrous  vitriol'^  produced  has  the  same  value  for  the  manu- 
facture of  sulphuric  acid  in  lead-chambers  as  the  corresponding- 
quantity  of  nitric  acid.  The  oxygen  contained  in  the  latter  in 
excess  over  the  nitrous  gases  has  served  for  oxidizing  the  H  of 
HCl  and  for  liberating  the  total  chlorine.  This  advantage  is 
lessened  by  the  drawback  that  much  more  sulphuric  add  is  con- 
sumed than  in  the  ordinary  saltcake  process,  that  the  process 
must  be  carried  on  in  closed  iron  cylinders,  and  that  the  value  of 
the  ''  nitrecake  ^'  produced  is  everywhere  much  less  than  that  of 
ordinary  saltcake,  sometimes  nil.  This,  as  well  as  the  difficulty 
of  disposing  of  such  a  large  quantity  of  nitrous  vitriol,  explains* 
#hy  Dunlop^s  process  has  not  extended  to  other  works.  At  the 
then  ruling  prices  of  manganese  ore  and  bleaching-powder,  it  seem^ 
to  have  been  remunerative  at  St.  BoUox,  but  even  there  it  ha& 
long  since  been  abandoned. 

The  reactions  going  on  have  been  represented  by  one  of  the 
two  following  equations : — 

2NaCl  +  2NaN08+4Hj,S04=4NaHS04  +  Nj,04+Cls  +  2HA 
4  NaCl  +  2  NaNOs  +  6  HjSO^^  6  NaHSO^ + NaOj + 2  Cla  +  3H,0. 

In  the  first  case  twice  as  much  nitre  and  ^  more  sulphuric  add 
is  used  than  in  the  second,  for  producing  the  same  quantity  of 
chlorine.  Probably  on  the  large  scale  the  proportions  employed 
have  been  nearer  the  second  equation,  except  that  less  acid  has 
been  used,  in  order  to  produce  nitrecake  of  the  ordinary  kind  (not 
real  bisulphate) . 

In  our  laboratory  experiments  the  reaction  passed  essentially  as 
follows : — 

8NaCl+NaN08H-4H,S04=NOCl  +  Cl,+2H,0  +  4NaHS04> 
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tbat  is,  exactly  as  with  aqua  regia.  The  temperature  rose  to 
800°.  The  NaCl  was  almost  entirely  decomposed.  Of  the  chlorine 
we  obtained  in  the  free  state  66-72  per  cent.,  as  HCl  27*5-82*7 
per  cent.  The  nitric  acid  could  be  recovered  with  small  loss — 
partly  as  such  (15-24  per  cent.),  partly  as  nitrosyl-sulphuric  acid 
(69*6-75-8  per  cent.). 

Tessi^  du  Motay  (Bull.  Soc.  Chim.  xxii.  p.  48)  passes  the  gases 
evolved  on  heating  NaCl,  NaNOs,  and  SO^H^  through  cuprous, 
chloride.  CuCls  and  NO  are  formed ;  the  latter  is  to  be  mixed 
with  hydrogen  and  converted  into  ammonia  by  red-hot  platinized 
pumice ;  by  heating  the  CuCls  to  200°  or  300^  it  is  to  be  decom- 
posed into  CusCI]  and  CI. 

Aqua  regia  proper  is  the  subject  of  the  following  patents  : — 

Swindells  and  Nicholson  (No.  390,  1852)  heat  hydrochloric 
with  nitric  acid,  and  bring  the  vapours  into  contact  with  oxygen ; 
in  contact  with  water,  nitric  acid  is  formed,  and  chlorine  is 
evolved. 

Baggs  and  Simpson  (No.  2313,  1864)  heat  hydrochloric  and 
nitric  acids  together,  pass  the  evolved  chloro-nitric  and  chloro- 
nitrous  gas  through  oil  of  vitriol,  where  the  nitrous  acid  is  re« 
tained  and  chlorine  is  liberated  in  order  to  be  used  in  the  ordinary 
way.  The  nitrous  vitriol  is  decomposed  by  dilution  with  water 
and  agitation,  and  the  nitrous  gas  evolved  is  reconverted  into 
nitric  acid  by  the  action  of  air ;  the  vitriol  is  concentrated  by 
evaporation  and  used  over  again. 

Another  patent  of  Baggs's,  No.  3269,  1866,  mentions  in 
addition  cooling  appliances,  &c. 

The  process  of  Wallis  (Engl.  pat.  13822,  1892)  is  as  follows:— 
A  mixture  of  (liquid)  hydrochloric  and  nitric  acid  is  made  to  enter 
a  ''  decomposing  cell,''  charged  with  sulphuric  acid,  from  below, 
so  as  to  bring  about  a  good  mixture,  which  can  be  also  promoted 
by  mechanical  means.  When  the  evolution  of  gas  slackens,  it  is 
revived  by  hot  sulphuric  acid.  Compressed  air  may  also  be  passed 
through  the  apparatus.  The  gases  are  conducted  through  receivers 
charged  with  sulphuric  acid,  where  NOCl  and  N^Og  are  retained, 
with  formation  of  nitrososulphuric  acid.  From  the  NOCl  is  formed 
HCl,  which  can  be  recovered ;  but  it  is  preferable  to  employ  such 
an  excess  of  nitric  acid  that  all  HCl  is  transformed  into  chlorine. 
The  gas  escaping  from  the  receivers  is  treated  for  removing  the 
HCl,  first  by  weak  hydrochloric  acid,  then  by  water ;  any  traces 
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of  nitrous  acid  are  retained  bj  NaClj  and  ultimately  there  is  only 
pure  (chlorine  left.  A  further  patent  (No.  13047,  1893)  adds  the 
production  of  chlorine  bj  the  action  of  gaseous  HCl  on  a  concen- 
trated  solution  of  sodium  nitrate  or  solid  sodium  nitrate,  pro- 
ceeding otherwise  as  above. 

A  new  patent  of  the  Wallis  Chlorine  Syndicate  (Germ.  pat. 
No.  84238)  provides  a  cooling-tower  between  the  decomposing- 
apparatus  and  the  sulphuric-acid  tower. 

My  laboratory  investigation  (comp.  p.  565)  proved  the  best 
temperature  for  Wallis's  process  to  be  120°  C. ;  we  then  obtained 
76*44  per  cent,  of  the  chlorine  in  the  free  state.  Any  raising  of 
the  heat  did  not  improve  the  yield.  The  remainder  was  found  as 
HCl,  evidently  from  the  decomposition  of  NOCl.  .  The  nitric 
acid  was  found  to  be  divided  as  follows: — ^from  61*64  to  78*76 
per  cent,  absorbed  in  the  sulphuric  acid  as  N^Og,  4'25  to  4*88  per 
cent,  as  HNOs,  in  the  washing  water  0  to  1*62  per  cent«,  left  in 
the  retort  14*21  to  34*29,  altogether  found  99*42  to  100*28  per 
cent. 

We  tried  to  guard  against  this  laige  residue  of  nitric  acid  left  in 
the  retort  by  adding  at  the  dose  of  the  first  operation  some  more 
sulphuric  acid,  together  with  more  hydrochloric  and  nitric  acid 
(in  the  proportions  2  :  1  or  2  :  2).  The  temperature  was  kept  at 
90°  to  96°  C.  This  did  not  give  a  greater  yield  of  chlorine  than 
before  (66  to  69  per  cent.),  and  quite  as  much  nitric  acid  was  left 
in  the  retort  as  formerly.  This  was,  however,  avoided  by  adding 
nothing  but  hydrochloric  acid  in  the  second  stage ;  now  only  0*46 
per  cent.  HNOg  was  left  in  the  retort,  and  1*96  per  cent,  was 
found  in  the  sulphuric  acid,  besides  96*54  per  cent,  as  NsO|.  64 
per  cent,  of  the  HCl  was  converted  into  chlorine. 

The  above  proves  that  nothing  like  all  the  HCl  could  be  turned 
into  free  chlorine,  even  by  an  excess  of  nitric  acid,  and  although 
the  sulphuric  acid  aids  the  reaction  by  combining  with  the  water. 
The  reaction  is  the  same  as  in  Dunlop's  process :  first  NOCl  and 
Cls  are  formed ;  the  former  in  contact  with  the  sulphuric  acid  in 
the  receivers  yields  SO^NH  and  HCl.  Later  on  free  HNOa 
distils  over;  this  acts  on  the  HCl  in  the  receivers  and  yields  a 
little  more  chlorine. 

ijf,  however y  from  the  first  nitric  acid  is  added  to  the  sulphuric 
acid  in  the  receivers,  the  state  of  matters  is  changed.  In  this  case 
the  HCl,  formed  by  the  decomposition  of  NOCl,  meets  with  the 
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necessary  HNOs  and  is  at  once  oxidized  to  chlorine.  If  about  ^ 
as  much  nitric  acid  as  was  charged  in  the  retort  waa  added  to 
the  sulphuric  acid  in  the  receivers^  it  was  possible  to  convert  90 
to  95,  or,  allowing  for  the  HCl  remaining  in  the  retort,  up  to  97 
per  cent,  of  the  HCl  into  chlorine.  It  thus  seems  possible  to 
attain  to  a  practically  complete  decomposition  of  the  hydrochloric 
add  on  the  large  scale,  if  the  nitric  acid  which  condenses  in  the 
receivers  is  allowed  to  accumulate  there,  and  the  acid  contained  in 
the  receivers  is  only  removed  at  longer  intervals.  This  could  be 
done  by  employing  a  set  of  several  receivers  charged  with  sul- 
phuric acid,  the  first  of  which  may  get  saturated  with  HNOa, 
while  the  following  ones  are  still  able  to  retain  N^Os.  In  the 
first  receivers  the  NOCl  will  be  converted  by  the  free  HNO3  into 
free  chlorine  and  SOtNH. 

In  the  process  of  O.  &  E.  Davis  (patents  No.  6416, 6698,  and  6881, 
1890),  the  nitric  acid  is  always  recovered  at  once,  and  the  conden- 
sation of  HCl  to  liquid  acid  is  avoided.  They  decompose  common 
aalt  by  sulphuric  acid,  preferably  in  a  kind  of  mechanical  furnace, 
separating  the  fuel  gases  from  the  HCL  The  gases  pass  through 
several  towers,  packed  with  pumice  &c.  and  fed  with  nitric  acid, 
then  through  towers  fed  with  sulphuric  acid,  then  through  a  wash- 
ing.tower  fed  with  water,  and  at  last  through  an  aspirator,  which 
draws  the  gases  through  the  whole  apparatus.  The  HCl  gas,  when 
meeting  the  nitric  acid  in  the  first  tower,  forms  CI  and  NOCl;  the 
latter  is  decomposed  in  a  second  or,  if  needful,  in  a  third  nitric-add 
tower.  The  nitrous  gases  formed  here  are  re-oxidized  by  air, 
introduced  here,  to  nitric  acid,  so  that  the  latter  only  acts  as  the 
carrier  of  atmospheric  oxygen  to  the  H  of  HCl.  In  their  further 
progress  the  gases  pass  through  sulphuric  acid,  where  the  nitrous 
gases  are  retained,  and  the  chlorine  passes  on,  which  is  washed 
with  water  in  the  last  tower.  The  nitric  acid  is  not  to  be  stronger 
than  80^  Tw.,  in  order  to  furnish  the  water  necessary  for  the  re- 
action. The  sulphuric  acid  coming  from  the  towers  is  employed 
for  decomposing  the  common,  salt.  The  reactions  taking  place 
may  be  represented  thus : — 

(1)  3HCl-fHNOs=2H,0-fNOCl+Cl,. 

(2)  NOCl  +  HNOs=  N  A  +  HCL 

(3)  NOCl-h  H,S04= SO5NH  +  HCl. 

(4)  2  HCl  -h  N,04=N,0s  -h  H3O  +  CI,. 

(5)  N,Oa  +  0  +  H,0=2HN03. 
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Our  laboratory  investigation  of  Davis's  process  had  the  follow-*- 
ing  results : — ^It  is  decidedly  necessary  to  keep  the  acid  in  the 
nitric-acid  receivers  hot  (80°  to  95^  C.) ;  the  nitric  acid  most  not 
be  below  80^  Tw.^  and  a  current  of  air  must  be  passed  through  alL 
the  time.  In  this  case  the  reaction  is  the  same  as  with  aqua, 
regia,  p.  665 ;  75  per  cent,  of  the  chlorine  was  obtained  free,  the 
remainder  as  HCl.  The  NOCl,  formed  especially  in  the  first 
receiver,  is  driven  forward  by  the  heat  and  the  current  of  gases  f 
it  does  not  act  upon  the  nitric  acid,  or  eke  it  is  always  regenerated 
by  the  heat.  In  consequence  of  the  higher  temperature  a  little 
nitric  acid  is  carried  unchanged  into  the  sulphuric  acid,  and 
reacts  on  the  HCl  there  condensed  or  formed  from  the  NOCl, 
so  that  instead  of  66'7  per  cent,  of  chlorine,  to  be  expected 
according  to  the  equation,  up  to  82*5  per  cent,  can  be  obtained, 
but  only  in  presence  of  a  current  of  air,  which  reoxidizes  the 
nitrous  acid  formed  from  the  NOCl. 

Taylor's  patent  (No.  13025, 1884)  describes  a  somewhat  difierent 
process.  The  HCl  gas  from  a  saltcake-fumace  is  passed  into  a 
tower  in  which  cold,  strong  nitric  acid  is  running  down.  Here 
CI,  NOCl,  and  a  little  N^Oj  and  NjO^  are  formed.  The  gasea 
are  passed  into  concentrated  sulphuric  acid,  where  the  nitrogen 
oxides  are  absorbed,  NOCl,  with  formation  of  SO^NH  and  HCl. 
The  mixture  of  HCl  and  CI  escaping  is  again  passed  through  nitric 
acid,  and  once  more  through  sulphuric  acid,  and  this  is  repeated 
till  nearly  pure  chlorine  has  been  formed.  The  nitrous  vitriol 
formed  in  the  process  is  denitrated  by  water  and  a  strong  current 
of  air;  the  gases  are  passed  into  water  and  the  HNOs  is  regenerated 
in  this  way.  The  HNOs  remaining  in  the  sulphuric  acid  is  ob- 
tained  by  distilling. 

Taylor's  process  is  very  similar  to  that  of  Davis;  but  he  triea 
to  make  the  reaction  more  complete  by  repeated  nitric-acid  treat* 
ment  of  the  gases  issuing  from  the  sulphuric  acid,  which  on  the 
other  hand  involves  a  more  complicated  apparatus  and  the  employ* 
ment  of  much  more  sulphuric  acid.  Davis,  on  his  part,  adds  the 
action  of  air  throughout  the  operation,  and  intends  the  recovery 
of  nitric  acid  to  be  effected  thereby  in  loco,  while  Taylor  produces 
that  recovery  by  a  separate  treatment  of  the  nitrous  vitriol. 

In  our  laboratory  experiments  we  found  it  best  to  employ  three 
receivers,  filled  with  nitric  acid  of  spec.  grav.  1*4,  kept  at  80°  C, 
and  to  put  between  each  of  them  and  at  the  end  sulphuric-* 
acid  receivers.     Allowing  for  the  chlorine  left  in  the  retort,  we 
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obtained  '96*53  per  cent,  free  and  only  8*47  per  cent,  as  un* 
decomposed  HCl.  Evidently  at  first  |  of  the  chlorine  are  set  free  i 
3HC1+HN08=4H,0+N0C1  +  C1,.  The  NOCl  yields  the  last 
83*3  per  cent,  to  the  sulphuric  acid  as  HCl ;  this^  on  the  second 
passage^  yields  again  |  =22*22  free  chlorine;  the  last  11*11  per 
cent,  arrive  as  NOCl  in  the  third  apparatus^  and  |  leave  it  as 
Clsss7*41 )  total  96*30  per  cent.^  which  almost  entirely  agrees 
with  the  amount  found. 

We  see  that  Taylor's  process  is  a  very  good  one,  but  only  on 
the  condition^  not  mentioned  by  the  author^  of  heating  the  nitric 
acid.  This  process  has  been  tried  on  the  large  scale^  but  not  for  a 
long  time.  Perhaps  the  failure  was  caused  by  Dot  heating  the 
nitric  acid;  perhaps  there  was  too  much  moisture  in  the  saltcake* 
gas^  and  the  nitric  acid  became  too  dilute.  That  this  is  a  draw^ 
back,  we  have  proved  in  our  experiments  on  Davis's  process. 
Taylor's  process  consumes  very  much  sulphuric  acid,  from  which 
the  nitric  acid  must  be  regenerated  by  a  special  operation.  The 
apparatus  is  undoubtedly  complicated,  and  very  likely  patience 
and  money  were  exhausted  before  this  promising  process  had  been 
sufficientiy  worked  out  on  the  large  scale. 

Vogt  and  Scott  (Engl.  pat.  12074,  1893)  describe  the  following 
process*. — Dilute  sulphuric  acid,  from  a  previous  operation,  is  con- 
centrated in  an  apparatus  consistiug  of  a  set  of  dishes,  and  is  run 
from  the  last  dish  into  a  tank.  From  this  it  runs  into  a  horizontal 
or  slightly  inclined  zigzag  pipe.  On  the  surface  of  the  con» 
centrated  sulphuric  acid  there  flows  a  stream  of  nitric  acid  in 
such  manner  that  the  two  streams  are  not  mixed.  A  current  of 
HCl  gas  enters  also  from  the  top,  all  three  acids  travelling  in  the 
same  direction.  The  apparatus  is  heated  to  125^;  the  gaseous 
products  of  the  reaction  are  passed  into  a  sulphuric-acid  tower 
where  the  nitrogen  oxides  are  retained;  a  second  tower  retains 
the  HCl  by  means  of  water,  so  that  pure  chlorine  remains.  The 
mixture  of  sulphuric  and  nitric  acids,  issuing  below,  may  be 
sufficientiy  strong  for  a  second  operation ;  if,  however,  the  acid 
is  too  dilute,  it  is  brought  up  to  strength  in  a  set  of  dishes. 

My  laboratory  apparatus  for  testing  this  process  consisted  of  a 
glass  tube,  2  ft.  6  in.  long,  placed  in  a  slightly  inclined  position  in 
a  calcium-chloride  bath,  both  ends  protruding  from  the  bath.  The 
upper  end  received,  by  means  of  an  india-rubber  stopper,  the  neck  of 
a  retort,  in  which  HCl  was  evolved  from  NaCl  and  sulphuric  acid; 
also  two  glass  tap  funnels  for  sulphuric  and  nitric  add.    The  lower 
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end  was  drawn  out  and  communicated  with  a  receiver  for  the 
running-down  acids;  the  gases  then  passed  through  three  bottles 
with  sulphuric  acid,  two  with  water,  and  three  with  a  solution  of 
potassium  iodide.  The  india-rubber  stoppers  were  much  acted 
upon  by  the  hot  gases. 

In  two  experiments  we  obtained  (a)  81*78  per  cent,  free  CI, 
9'41  per  cent,  unchanged  HCl;  {b)  84*21  per  cent,  free  CI, 
11*32  unchanged  HCl ;  in  both  cases  also  1  per  cent.  HCl  left  in 
the  nitric  acid.  Allowing  for  the  undecomposed  NaCl,  we  had 
converted  85  per  cent,  of  the  CI  into  the  free  state.  About  f 
of  the  HNO3  was  found  in  the  acid  mixture  running  off  at  the 
bottom,  viz.  0*80-l*88  per  cent,  as  SO,NH,  64*26-68*11  per  cent, 
as  HNOs.  The  acid  in  the  other  receivers  contained  18'76- 
20*29  per  cent.  HNOj  as  SO^H  and  7*65-13*02  as  HNOj. 
Hence  there  wm  a  great  excess  of  nitric  add,  and  more  of  it  was 
lost  than  in  the  previous  trials,  viz.  3*35-7*0  per  cent  against 
1  per  cent,  in  the  other  processes  (apart  from  Dunlop's).  How 
much  of  this  loss  was  caused  by  the  action  on  the  indiar-rubber 
it  is  impossible  to  tell. 

Evidently  in  this  as  well  as  in  Taylor's  process  first  f  of  the 
chlorine  had  escaped  as  such,  ^  as  NOCl ;  the  latter  had  reacted 
in  the  receivers  with  the  sulphuric  acid  and  partly  with  the  HNOa 
arriving  there*  The  yield  of  free  chlorine  is  good;  the  apparatus 
is  simple,  and  the  continuous  style  of  work  is  a  great  advantage. 
But  the  considerable  loss  of  nitric  acid,  probably  caused  by  the 
high  temperature  (if  not  by  the  india-rubber),  is  objectionable ;  and 
the  recovery  of  the  large  quantities  of  nitric  acid  getting  mixed 
with  dilute  sulphuric  acid  is  not  very  easy.  On  the  large  scale  it 
may  be  easier  than  in  my  laboratory  apparatus  to  keep  the  nitric 
acid  in  prolonged  contact  with  hot  sulphuric  acid,  and  thus  to 
utilize  it  better;  or  else  to  do  this  by  more  thorough  contact  with 
the  current  of  gaseous  HCl. 

According  to  Donald's  process  (Engl.  pat.  62,  1887)  the  HCl 
from  a  saltcake-fumace  is  dried  by  being  forced  through  sulphuric 
acid ;  it  then  passes  through  a  vessel,  kept  at  a  temperature  of  0^, 
containing  a  mixture  of  strong  sulphuric  and  nitric  acid,  where 
the  reaction  2  HCl + 2  HNOj = 2  H,0  +  NjO* + CI,  is  produced,  the 
sulphuric  acid  retaining  the  water  formed  in  the  reaction.  The 
escaping  gases  ought  not  to  be  over  30^  C;  they  are  passed  by  means 
of  another  injector  through  dilute  nitric  acid  which  retains  the 
nitrogen  oxides  and  oxidizes  them  to  nitric  acid  by  aid  of  a 
current  of  air.     The  first  nitric-acid  receiver  is  heated,  the  second 
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is  kept  at  0^;  both  are  connected  by  a  tall  pipe,  proyided  with  a 
number  of  balls,  fed  with  water.  The  oxides  not  conyerted  into 
HNO}  are  retained  in  the  last  receiver  by  strong  sulphuric  acid. 

This  process  differs  from  that  of  Wallis,  in  which  a  mixture  of 
liquid  hydrochloric  and  nitric  acid  is  introduced  into  sulphuric 
acid.  In  Donald's  process  gaseous  HCl  acts  upon  a  mixture  of 
sulphuric  and  nitric  acid. 

Davis  and  Taylor  also  used  gaseous  HCl,  but  they  make  it  act 
first  upon  HNOa,  and  only  afterwards,  and  indirectly,  upon  the 
mixture  of  HNOj  and  H^SQa  forming  in  the  receivers.  From 
Yogt  and  Scott's  process  that  of  Donald  differs  first  as  regards  the 
temperature  (0°  against  125^),  secondly  by  the  fact  that  Yogt  and 
Scott  try  to  avoid  the  mixture  of  the  nitric  and  sulphuric  acida 
flowing  in  the  same  direction.  Working  at  (f  must,  by  the  way, 
be  a  rather  expensive  process  on  the  large  scale. 

In  examining  Donald's  process,  we  first  tried  how  much  dry 
HCl  could  be  decomposed  by  a  mixture  of  strong  sulphuric  and 
nitric  acid,  and  found  that  more  than  90  per  cent,  could  be  turned 
into  chlorine.  We  then  arranged  experiments  as  nearly  as  possible 
like  the  specification,  but  varying  the  temperature.  At  0^  we 
got  88*6  per  cent,  firee  CI,  3'9  per  cent,  escaping  as  HCl,  54*5  per 
cent.  CI  and  HCl  remaining  dissolved  in  the  nitric  acid.  The  nitric 
add  originally  employed  in  combination  with  sulphuric  acid  was 
entirely  reduced  to  SO^NH;  the  receivers  contained  HNOs^  ^  here 
the  chlorine  acted  as  an  oxidizer.  Since  we  found  that  at  0^  the 
process  did  not  work  well,  too  much  CI  and  HCl  being  retained,  we 
tried  heating  the  nitric  acid,  and  now  we  attained  a  decomposition 
of  94*9  per  cent.,  only  2*53  per  cent,  of  this  chlorine  being  retained 
in  the  nitric  acid.  The  nitric  acid  was  disposed  of  as  follows : — 
16*8  per  cent,  in  the  sulphuric  acid  as  SO^NH,  18*15  per  cent,  in 
the  same  as  HNOs ;  48*4  per  cent,  in  the  nitric-add  receivers ; 
12*8  as  SOsNH  and  2*2  as  HNOs  in  the  last  sulphuric-add 
receiver;  loss  1*65.  These  results  at  the  higher  temperature 
must  be  regarded  as  good ;  but  the  recovery  of  the  HNOs  ^  strong 
acid  will  be  difficult,  and  there  is  again  a  very  large  quantity  of 
sulphuric  acid  to  bring  up  to  strength. 

A  further  patent  of  Donald's  (No.  5488,  1890)  prescribes 
dividing  the  stream  of  HCl  gas  in  two  equal  parts,  drying  the  gas 
and  passing  one  half  through  a  mixture  of  strong  nitric  and 
sulphuric  add,  kept  at  0^.  Here  a  mixture  of  chlorine  and  NjQ^ 
escapes,  which  is  again  cooled  down,  mixed  with  the  other  half  of 
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the  HCl  gM,  passed  through  dilute  nitric  acid,  where  all  N^O^ 
iiud  HNO3  is  absorbed  and  nearly  pure  CI  escapes,  which  is 
further  passed  through  nitric  acid  and  at  last  through  sulphuric 
add.  A  current  of  air  is  introduced  in  a  suitable  place  to  oxidize 
the  nitrous  acid. 

The  Alkali  Inspectors'  Beport,  No«  26,  p.  43,  mentions  that 
Donald's  process  had  been  tried  for  18  months  at  a  Widnes  factory 
liud  again  abandoned^  but  that  hopes  were  entertained  to  make 
it  work  with  suitable  modifications  (probably  those  embodied  in 
the  second  patent).  Report  No.  30  (for  1893)^  p.  12,  states  that 
^1  further  experiments  had  been  abandoned.  In  1895  the  works 
were  dismantled  and  the  plans  advertised  for  sale. 

The  Verein  chemischer  Fabriken  (Engl.  pat.  10604,  1894) 
describes  a  very  similar  process,  also  bringing  the  HCl  gas 
from  a  saltcake-furuace  in  contact  with  a  mixture  of  nitric  and 
sulphuric  acid.  It  is  asserted  that,  if  this  is  done  at  the  ordinary 
pressure,  the  reaction  is  almost  exactly  HNOs+S  HCl=NOCl 
+  2CI  +  2H2O;  but  under  pressure,  it  is  alleged^  also  NjOsj 
NOjCl  [both  of  which  do  not  exist  in  the  gaseous  state],  and 
N2O4  are  formed.  It  is  further  [quite  erroneously]  stated  that 
Ns04  and  NO3CI  pass  unchanged  through  concentrated  sulphuric 
acid,  partly  also  through  water^  and  that  thus  losses  are  caused. 
Therefore  it  is  prescribed  to  employ  pressure,  by  running  the 
mixed  acids  down  stone  towers  packed  with  acid-proof  lumps^ 
where  they  meet  the  HCL  In  a  similar  apparatus,  made  of  lead^  the 
issuing  gases  are  treated  witb  strong  sulphuric  acid^  which  decom- 
poses the  NOCl;  a  third  apparatus,  made  of  earthenware  and  fed 
with  water,  regenerates  HNO3  from  NgOs. 

Brand  (Engl.  pat.  11040,  1893)  expels  dry  HCl  from  aqueous 
hydrochloric  acid  by  sulphuric  acid,  and  forces  it  through  a 
number  of  vessels  charged  with  a  mixture  of  sulphuric  and  nitric 
acids  j  the  NOCl  and  CI  formed  here  are  passed  through  sulphuric 
acid  and  thus  converted  into  nitrous  vitriol  and  chlorine.  [Where 
is  the  novelty  f] 

Sadler  and  Wilson's  Engl.  pat.  No.  15866,  1894,  for  manufac- 
turing chlorine  from  a  mixture  of  sulphuric,  hydrochloric,  and 
nitric  acids,  presents  as  novel  only  some  details  of  apparatus  not 
possessing  much  importance.  (This  patent  is  criticised  as  con- 
taining  in  reality  no  patentable  matter  inChem.  Trade  Journal,  xvii. 
p.  175.) 
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•  Krause  (Engl.  pat.  No.  16227,  1894)  employs  a  "Glover 
tower/^  impregnated  with  hot  sulphuric  acid^  kept  between  125^ 
and  130^  C.  by  means  of  dry  steam  injected  into  the  tower.  The 
HCl  gas  is  introduced  at  the  top,  together  with  nitric  acid. 
Chlorine,  nitrosyl  chloride,  and  water  are  formed,  the  latter  being 
absorbed  by  the  sulphuric  acid,  whose  temperature  on  leaying  the 
tower  should  not  be  below  125^  nor  above  130^  C.^  and  whose 
«trength  should  not  be  lower  than  90°,  but  better  about  100°  Tw.j 
to  avoid  losses.     It  is  re-concentrated  before  use. 


Recovery  of  Nitric  Acid  from  Nitrous  Vitriol. 

In  all  nitric-acid  chlorine  processes  a  large  quantity  of  sulphuric 
acid  is  employed  which  retains  very  much  of  the  nitric  acid,  con- 
verted into  nitrosyl-sulphuric  acid,  SO^NH,  the  solution  of  which 
in  sulphuric  acid  is  technically  known  as  ''nitrous  vitriol.^' 
IBvidently  the  latter  must  be  used  over  again  in  some  way.  In 
Dunlop's  process  this  was  done  by  employing  it  for  working 
vitriol  chambers ;  but  this  confines  the  process  to  a  comparatively 
«mall  limit.  Such  chlorine  processes  can  only  then  be  practicable 
if  they  ''  denitrate  "  the  nitrous  vitriol  and  regenerate  both  sul- 
phuric and  nitric  acid,  without  much  loss  of  the  latter.  Then' 
is  no  fear  of  losing  any  sulphuric  acid ;  but  it  is  always  diluted, 
and  must  be  reconcentrated.  In  order  to  clear  up  this  question, 
I  have  (together  with  Pelet)  made  a  number  of  experiments,  with 
the  following  restdts  {loc.  cit,  p.  565). 

In  our  experiments  we  always  employed  20  c.  c.  of  nitrous 
vitriol,  containing  the  equivalent  of  3*610  grams  HNO|  in  the 
«hape  of  SO5NH ;  this  was  denitrated  by  gradually  introducing 
80  c.  c.  water,  drop  by  drop,  in  a  constant  current  of  air.  On  the 
large  scale  much  less  water  is  used,  so  that  the  resulting  sulphuric 
acid  contains  66  per  cent.  SO4HS  and  upwards ;  but  we  paid  no 
attention  to  this^  but  only  to  the  nitrogen  oxides. 

When  trying  to  oxidize  the  escaping  vapours  by  air  alone,  this 
was  done  very  imperfectly,  62,  or  even  56,  per  cent,  remaining  in 
the  state  of  lower  oxides,  according  to  the  more  or  less  perfect 
mixture  with  air.  Our  other  experiments  were  made  with  air 
and  water,  as  in  actual  practice.  Behind  the  denitrating  flask 
we  placed  two  empty  receivers,  cooled  by  ice,  then  rix  receivers 
charged  with  water,  and  at  last  two  or  three  charged  with  acidu- 
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lated  potassium  permanganate  (to  retain  NO) .  A  current  of  air 
was  drawn  in  at  three  different  places.  The  total  loss  of  nitrogen 
never  attained  2  per  cent.,  part  of  which  must  be  due  to  imperfect 
retention  of  NO  by  the  permanganate.  The  latter  retained  8  or  4 
per  cent,  of  the  HNO^,  which  must  have  reached  it  principally 
as  NO.  Adding  this  to  the  total  loss,  and  taking  account  of  the 
acid  not  expelled  from  the  nitrous  vitriol,  we  obtained  in  the  water 
receivers  in  one,  evidently  imperfect,  trial  (where  the  denitration 
had  also  been  imperfect)  90*29  per  cent,  as  HNO3, 1^*35  as  HNOs, 
together  91'64«  per  cent.  In  two  other,  better  conducted  trials 
we  recovered  91-77 +4-20=95-97,  and  93-15 +0-95=94-10  per 
cent.  We  therefore  recovered  on  an  average  92J  per  cent,  of  the 
SO^NH  as  HNOg  and  2^  per  cent,  as  HNO^ ;  nine*tenths  of  thi» 
was  contained  in  the  first  empty  receivers  and  the  first  two  water- 
receivers.  These  results  are  decidedly  good,  and  they  may  be 
expected  to  be  fully  realized,  or  even  improved,  on  the  large  scale, 
when  employing  "  plate-towers.^'  Such  a  loss  would  not  stand  in 
the  way  of  the  nitric-acid  chlorine  processes,  which  certainly 
convert  more  of  the  HCl  into  chlorine  than  any  other  process 
hitherto  practised  on  the  large  scale.  Of  course  our  laboratory 
experiments  cannot  be  absolutely  applied  in  actual  manufacture, 
and  they  do  not  contribute  to  the  important  question  of  over- 
coming  the  enormous  mechanical  difficulties  of  the  apparatus 
required  for  this  class  of  processes. 

Chlorine  by  the  assistance  of  Nitric  Acid  and  Peroxide  of 

Manganese. 

Schlosing  (Compt.  Rend.  Iv.  p.  284)  noticed  that,  by  the 
action  of  a  mixture  of  nitric  and  hydrochloric  acids  on  manganese 
peroxide  at  a  certain  degree  of  concentration,  chlorine  is  evolved, 
mixed  with  the  reddish  products  from  aqua  regia ;  but  at  lower 
concentrations,  even  at  a  boiling  heat,  chlorine  alone  escapes  and 
manganous  nitrate  remains  behind.  If  the  latter  be  calcined, 
MnOs  remains  behind,  and  the  escaping  ruddy  vapours  can  be 
reconverted  into  nitric  acid  by  the  action  of  water  and  air :  thn» 
both  materials  can  be  recovered  and  can  be  used  again.  The  best 
proportions  are: — 4  equivalents  of  nitric  acid  containing  505 
grams  N^O^  per  litre,  and  3  equivalents  of  hydrochloric  acid  con* 
taining  397  grams  per  litre:  to  the  mixture  one-seventh  of  ita 
bulk  of  water  is  added,  and  the  whole  heated  in  a  caldum-chloride 
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bath  up  to  122^  C.  Schlosing  in  this  way  obtained  in  two  experi* 
inents  96  and  90  per  cent,  of  the  calculated  quantity  of  chlorine ; 
but  the  heating  at  first  should  not  be  too  strong.  The  decom- 
position of  manganous  nitrate  commences  at  150^,  and  proceeds 
r^ularly  at  175°  or  18(f ;  at  195°  C.  it  is  most  vigorous.  The 
remaining  oxide  is  rather  hard  and  close,  and  contains  up  to  93*3 
per  cent.  MnOs,  along  with  a  little  lime  and  iron.  Neither  N  nor 
NO  is  formed;  and  thus  the  complete  recoyery  of  the  nitric 
add  depends  only  upon  the  completeness  of  the  decomposition. 
On  a  small  scale  Schlosing  obtained  nitric  acid  of  62°  Tw.  and  only 
lost  9  per  cent.  This  process  at  that  time  did  not  get  beyond  the 
laboratory  stage;  but  it  deserved  more  attention,  at  any  rate 
before  Weldon's  process  had  been  worked  out,  especially  as  in  it, 
as  well  as  in  Dunlop^s  very  similar  process,  all  the  chlorine  of 
the  hydrochloric  acid  is  obtained  as  such : 

MnO,  +  2N  OaH  +  2HC1 = Mn  (N08)a  -h  2H,0  +  2C1. 

Schlosing's  process  had  been  partially  forestalled  by  an  English 
patent  of  Gatty's  (No.  2230,  1857),  who  converts  manganese  sul- 
phate or  chloride  into  nitrate  by  adding  potassium  or  sodium 
nitrate ;  the  mixture  is  dried  down,  heated  to  a  low  red  heat,  and 
the  vapours  are  passed  into  a  lead  chamber ;  the  residue  is  washed 
with  water,  and  black  MnOs  is  thus  obtained. 

Dow  and  Telfer  (Engl.  pat.  3089  and  8153,  1875)  describe  a 
process  somewhat  similar  to  Schlosing's.  Instead  of  HCl,  sodium 
chloride  can  be  employed,  and  after  heating  the  residue  the  sodium 
nitrate  can  be  separated  from  the  MnO,  by  washing. 

Without  taking  any  notice  of  their  predecessors.  Just  (Nos. 
14857  and  14859,  1888)  and  Alsberge  (French  patent,  noticed  in 
my  paper,  Zsch.  f .  angew.  Ch.  1889,  p.  699)  again  patented  the  same 
process.  An  unimportant  deviation  in  Alsberge's  patent  was  the 
direction,  first,  to  add  to  MnOs  half  as  much  hydrochloric  acid 
as  in  the  old  process  : 

2MnO,-h4HCl=MnO,+MCl,+Ca,+H,0 ; 

then  to  add  nitric  acid  and  not  to  heat  beyond  105° : 

MnO,+MnCa,+4NOaH=2MnNA+2HaO+Cl,. 

The  further  treatment  is  exactly  as  in  Schlosing's  process :  heating 
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the  residue  to  a  dark-red  heat  and  recoyeiing  tlie  nitric  acid^  the 
reactions  being : 

MnNjOe = MnO, + NjOi, 

NA+0+HaO=:2NOgH. 

Alsberge  (Engl.  pat.  8779^  1889)  also  tried  to  combine  this 
process  with  the  ammonia-soda  manufacture.  The  mother  liquor 
from  that  process^  first  freed  from  ammonium  carbonate  in  a 
column^still^  and  then  containing  principally  ammonium  chloride, 
is  treated  with  the  mixture  of  magnesia  and  manganese  peroxide 
formed  in  a  previous  operation : 

(1)  2NH4Cl+MgO  +  MnO,=MgCl,+MnO,  +  H20  +  2NHa. 

AHer  driving  off  the  ammonia^  the  residue  is  treated  with  nitric 
acid: 

(2)  MgCl, + MnO, + 4N08H = MgNA  +  MnN A + CI, + 2H,0. 

The  residue  is  evaporated  to  dryness  and  ignited  : 

(3)  MgNA+MnN,Oe=MgO-fMnO,+2NA+0. 

Of  course  the  Ns04  is  regenerated  to  HNO3.  Lime  may  be 
employed  instead  of  magnesia. 

A  further  proposal  of  Alsberge's  is  this :  the  NH4CI  liquor^  freed 
from  ammonium  carbonate,  is  boiled  down  to  dryness,  and  the 
residue  is  heated  up  to  the  sublimation  of  the  NH4CI.  The  dis- 
sociated mixture  of  NHj  and  HCl  is  conducted  over  finely  divided 
MnO,,  heated  a  little  below  the  temperature  at  which  the  ammo« 
nium  chloride  sublimes ;  here  the  HCl  is  retained  and  the  NH, 
passes  on : 

2NH8  +  2HCl+2Mn02=MnOa+MnClj  +  HaO  +  0  +  2NH,. 

The  residue  is  treated  with  nitric  acid  as  above ;  that  is,  it  is  first 
heated  moderately  to  expel  the  chlorine,  then  strongly  to  decom- 
pose the  manganous  nitrate,  and  so  forth. 

In  this  case,  as  the  equation  shows,  free  oxygen  is  evolved,  which 
alone  stamps  the  process  as  an  irrational  one.  Alsberge's  processes 
share  the  advantage  of  all  nitric-acid  processes  in  furnishing  un- 
diluted chlorine,  but  they  would  no  doubt  have  encountered  many 
difGiculties  had  it  been  attempted  to  carry  them  out  on  a  large 
scale  (which  was  never  done). 

A  supplement  to   Just's  patent,  otherwise  exactly  similar  to 
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SchlosiDg's  process^  is  contained  in  the  U.  S.  patent  No.  495462^  of 
1893.  First  hydrochloric  acid  is  to  be  heated  with  twice  its 
equivalent  of  manganese  peroxide  till  it  is  completely  decomposed, 
then  sufficient  nitric  acid  is  added  to  decompose  the  MnClj  formed^ 
as  well  as  the  remaining  MnOj.  The  solution  of  manganous 
nitrate  is  neutralized  with  M nO  or  MnCOj^  settled^  concentrated^ 
dried  in  retorts  and  calcined;  the  escaping  vapours  are  mixed  with 
air  and  regenerated  to  HNOg. 

I  have,  together  with  Fret,  studied  the  reactions  of  Schlosing's 
process  (Zsch.  f.  angew.  Chem.  1893,  p.  99).  I  started  from  the 
following  considerations.  It  cannot  be  assumed  as  impossible 
from  the  outset  that  the  nitric  acid  lost  would  cost  less  than  the 
lime  and  the  compressed  air  in  the  Weldon  process,  assuming  the 
wages  to  be  the  same  and  neglecting  the  cost  of  fuel  for  heating 
the  manganous  nitrate.  But  even  in  the  more  probable  case 
that  the  value  of  the  nitric  acid  lost  and  of  the  fuel  exceeds  the 
•cost  of  recovering  the  MnOj  by  the  Weldon  process,  this  expense 
might  amount  to  much  less  than  the  enormous  advantage  of 
ISchlosing's  process,  consisting  in  obtaining  three  times  as  much 
chlorine  from  the  HCl,  all  of  it  in  the  concentrated  state^  and  in 
having  no  waste  to  remove  irom  the  works. 

The  first  objection  which  might  be  made  to  Schlosing's  process 
is  this  :  that  the  two  reactions,  the  liberation  of  the  chlorine  and 
the  decomposition  of  the  manganous  nitrate,  might  overlap.  This 
objection  Schlosing  has  answered  by  stating  that  these  two  reactions 
take  place  at  entirely  different  temperatures,  and  can  be  kept  under 
<;ontrol  as  separate  stages  of  the  process.  He  states  that  he  obtained 
from  90  to  96  per  cent,  of  the  chlorine  of  HCl  in  the  free  state, 
the  recovered  manganese  peroxide  tested  93*3  per  cent.  MnOj,  and 
'91  per  cent,  of  the  nitric  acid  was  recovered.  Evidently  only  a 
few  experiments  had  been  made,  of  which  no  analytical  data  are 
:given. 

Our  laboratory  experiments,  described  in  detail  loc.  ciL,  proved 
that  the  greatest  possible  quantity  of  chlorine  can  be  liberated  by 
employing  an  excess  of  76  per  cent,  nitric  acid  over  the  theoretical 
quantity;  it  is  best  to  add  one-seventh  volume  of  water  to  the  mixture 
of  acids  and  to  employ  a  temperature  of  135^.  When  adhering  to 
these  conditions,  98  or  99  per  cent,  of  the  theoretical  quantity  of 
^^hlorine  could  be  obtained  from  the  HCl.  In  this  respect  the 
process  would  be  perfect,  if  the  chlorine  did  not  partially  come 

2p2 
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from  NOCl.     It  would,  however,  be  practicable  only  on  condition 
of  almost  completely  effecting  the  following  reactions  : — 

MnN,0« = MnOj + NA, 
N  A  +  O  -f  H3O = 2HN0a. 

It  is  indifferent,  as  regards  the  first  of  these  reactions,  whether 
we  really  obtain  N2O4  or  NO^,  or  the  mixture  of  NOj  and  NO  repre* 
senting  N^Og,  since  all  these  are  easily  regenerated  into  HNOs 
by  water  and  air.  An  excess  of  NO  is  not  so  easily  regenerated 
into  HNOj,  as  both  oiir  experiments  and  practical  experience  have 
shown. 

We  therefore  tried  first  how  far  the  MnOg  could  be  recovered 
in  this  case.  We  obtained  in  four  experiments  from  97*5  to 
99*8  per  cent,  of  the  originally  employed  MuOa,  and  we  must 
therefore  declare  this  part  of  Schlosing's  process  to  be  perfectly 
satisfactory.  On  the  large  scale  the  recovery  would  certainly  not 
be  carried  on  infinitely,  as  impurities  would  accumulate  in  the 
product. 

So  far  as  that  most  important  point,  the  recovery  of  the  nitric 
acid,  is  concerned,  we  succeeded  in  regaining  froni  84  to  90  per 
cent,  of  this  acid.  Part  of  the  loss  (7*5  to  8  per  cent.)  is  already 
caused  at  the  first  stage,  during  the  evolution  of  chlorine,  part 
(2*5  to  8  per  cent.)  in  the  heating  of  the  manganous  nitrate.  The 
former  portion  of  loss  will  probably  be  quite  as  large  in  actual 
practice  ;  the  second  will  possibly  be  diminished  by  employing 
more  perfect  apparatus.  The  minimum  loss  of  nitric  acid  in 
Schlosing's  acid  may  be  assumed  to  amount  to  10  per  cent.; 
probably  it  will  be  rather  more,  but  hardly  so  great  as  the 
maximum  which  occurred  in  our  experiments,  viz.  16  per  cent. 

Welters  (Engl.  pat.  16609, 1889)  declares  it  to  be  possible  to  avoid 
loss  of  nitric  acid  in  igniting  the  manganous  nitrate,  by  distilling 
off  the  excess  of  nitric  acid  from  the  chlorine-still,  employing  the 
weaker  fractions  for  condensing  the  HCl  used  in  the  process,  and 
the  stronger  fractions,  together  with  air,  for  recovering  the  nitric 
acid  from  the  N^O^  formed  in  heating  the  MnNA* 

Wischin  (Oerm.  pat.  54822)  runs  the  liquor,  obtained  in  evolv* 
ing  chlorine  from  MnOs,  hydrochloric  and  nitric  acid,  in  a  thin 
jet  into  cast-iron  agitating-vessels,  on  the  top  of  pulverulent 
MnOs,  at  a  temperature  of  200^,  so  that  no  nitric-acid  vapours 
can  condense  in  the  vessel  itself,  but  the  HNOs  altogether  vola* 
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lalises  and  can  be  condensed  outside.  The  liquor  is  absorbed  up  by 
the  pulverulent  MnOs,  and  the  fresh  residue  formed,  also  in  the 
flhape  of  powder,  is  mixed  with  that  which  had  been  originally  em* 
ployed,  and  forms  no  crusts.  This  avoids  the  difficulty  of  finding 
a  suitable  material  for  evaporating  those  liquors. 

Bradbum  (Engl.  pat.  6710,  1889)  mixes  2  mol.  NaCl  with 
4HN08  and  IMnO^,  and  heats  in  an  earthenware  retort.  The 
resulting  mass  is  composed  of  NaNOg  and  Mn^NsOf ;  the  chlorine 
escapes  in.  the  free  state.  The  residue  is  treated  with  caustic  soda, 
which  precipitates  manganous  hydrate;  this  is  reconverted  into 
MnOs  by  air.  The  sodium  nitrate  is  obtained  in  a  solid  form 
by  evaporation,  is  mixed  with  ferric  oxide  and  heated  in  a  current 
of  air.  The  nitrous  fumes  are  passed  over  MnOs  and  reconverted 
into  nitric  acid ;  by  lixiviating  the  residue  caustic  soda  is  obtained ; 
the  ferric  oxide  is  used  over  again.  Instead  of  MnO^,  a  manganate 
or  permanganate  may  be  employed. 


II.  Chloeine  from  Common  Salt  without  previous 

PREPARATION  OF  HYDROCHLORIC  AciD. 

(The  processes  in  which  NaCl  is  employed  mixed  with  MgSO^ 

are  treated  sub  No.  IV.) 

The  Production  of  Chlorine  by  calcining  Metallic  Sulphides  with 
Chlorides  in  the  presence  of  an  Excess  of  Air,  i.  e.  at  the  same 
time  with  SO^  and  SOs,  is  the  subject  of  many  patents  which 
liave  for  their  object  the  simultaneous  utilization  of  sulphur. 
They  have  accordingly  been  mentioned  in  treating  of  sulphuric 
Acid  and  of  saltcake.  Longmaid's  patent  No.  10797,  1845,  pro* 
poses  at  the  same  time  to  produce  metallic  oxides  and  chlorine  by 
calcining  the  chlorides  of  manganese,  copper,  iron,  zinc,  or  lead 
with  an  excess  of  air.  Macfarlane  (patent.  No.  126,  1863)  mixes 
6  cwt.  dried  copperas  with  4^  cwt.  of  decrepitated  common  salt 
And  1^  cwt.  ferric  oxide,  heats  the  mixture  in  a  muf9e-fumace  in 
it  current  of  air  dried  by  quicklime,  and  thus  obtains  sodium 
sulphate,  ferrous  and  ferric  chlorides ;  the  latter  are  converted  by 
the  dry  air  into  ferric  oxide  and  chlorine.  The  chlorine  is  drawn 
by  an  exhauster  through  purifiers  (boxes  lined  with  lead  and 
^containing  moistened  pieces  of  coke)  into  wooden  absorbing- 
boxes  charged  with  slaked  lime.     The  residual  mixture  of  sodium 
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sulphate  and  ferric  oxide  is  mixed  with  214  lb.  of  coal  and  melted 
in  a  reverberatory  f  urnace^  the  bottom  of  which  has  been  lined 
with  a  mixture  of  ground  quicklime  and  basic  slag.  The  fused 
msAS  is  lixiviated^  the  green  solution  decolorized  by  heating  in  the 
presence  of  gases  rich  in  carbonic  acid^  and  the  solution  of  sodium 
carbonate  worked  up  in  the  usual  manner.  The  iron  sulphide 
undissolved  is  to  be  converted  into  ferrous  sulphate  by  the  actioit 
of  moisture  and  air  [which  is  well  known  not  to  happen]^  and 
the  ferrous  sulphate  obtained  by  dissolving  and  crystallizing,. 
This  part  of  the  process  is  a  modification  of  Malherbe's  soda- 
process^  afterwards  revived  by  Kopp.  The  same  process  emerges 
once  more  in  a  patent  of  Konigs  (No.  1305^  1871) :  he  moulds 
dried  pyrites,  common  salt,  ferric  oxide,  and  water  into  bricks^ 
which  are  dried  and  heated  in  a  current  of  air — essentially 
Longmaid's  process.  A  modification  of  this  is  patented  by  Konigs 
and  Henderson  (No.  1642,  1871).  Even  in  1872  (No.  1540) 
Kenyon  and  Swindells  patented  the  production  of  chlorine  along 
with  sulphuric  acid  from  a  mixture  of  rock-salt,  sulphur,  iron-  or 
copper-pyrites,  and  a  little  nitrate  of  soda.  Later  on  (No.  4013^ 
1873)  they  simply  pass  pure  oxygen,  together  with  '*  dry  sulphuric 
acid/'  over  heated  common  salt,  in  order  to  produce  sodium  sul- 
phate and  chlorine. 

Hargreaves  and  Robinson  (No.  668,  1870)  pass  heated  t^ir  over 
a  dry  mixture  of  ferric  chloride  and  common  salt.  According  to 
No.  508,  1872,  they  mix  common  salt  with  chromiimi  oxide  for 
the  same  purpose. 

Weldon  (No.  134,  1867)  heats  ferric  sulphate  with  NaCl  in  a 
current  of  dry  air. 

Deacon  (Engl.  pat.  1908,  1871)  mixes  pyrites-burner  gas  with 
heated  air,  passes  the  mixture  through  clay  marbles  impr^nated 
with  a  copper  salt,  and  carries  the  SOg  thus  produced,  mixed  with 
air,  into  chambers,  where  it  forms  with  sodium  or  potassium 
chloride  the  respective  sulphates  and  free  chlorine.  The  escaping 
gas  is  re-conducted  over  the  contact-mass  until  all  the  SOs  has. 
been  removed. 

Daguin  (Engl.  pat.  3669,  1888)  makes  SOs  and  air  act  upon 
chlorides  in  the  presence  of  MnOs,  in  order  to  produce  chlorine* 

Lalande  and  Prud'homme  (Bull.  Soc.  Chim.  1872,  p.  7 ;  1878, 
p.  74)  generalized  the  reactions  employed  in  Longmaid's  process, 
by  working  not  only  with  sulphuric  anhydride,  but  also  with  siUca, 
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bofic,  stanfdc,  phosphoric  acid,  and  alumina^  K,  for  instauoe,  dry 
air  is  passed  over  a  red-hot  mixture  of  silica  with  the  chloride  of 
an  alkaline  or  earthy  metal^  chlorine  is  liberated  and  a  silicate  of 
that  metal  is  formed : 

2NaCl+SiO,  +  0=Na,SiO.  +2C1. 

If  HCl  gas  is  passed  over  the  ignited  mixture  along  with  O  or  air^ 
the  silicate  is  always  decomposed  again,  the  chloride  regenerated, 
and  chlorine  continuously  given  off.  The  aqueous  vapour  formed 
gives  rise  to  secondary  reactions :  it  is  decomposed  by  chlorine 
into  oxygen  and  hydrochloric  acid  ;  it  also  decomposes  the  chlo- 
rides at  a  red  heat  into  oxides  and  HCl.  Between  the  quantities 
of  chlorine,  aqueous  vapour,  and  hydrochloric  acid  which  issue 
from  the  apparatus  a  state  of  equilibrium  is  probably  produced; 
so  that  the  quantity  of  chlorine  in  proportion  to  that  of  HCl 
cannot  surpass  a  certain  maximum,  which  for  lower  degrees  of 
temperature  is  probably  a  higher  one.  Pumice  and  broken  bricks 
have  a  similar  effect  upon  the  liberation  of  chlorine  as  those  acids, 
but  not  pipe-clay.  The  authors  state  that  in  their  experiments 
they  obtained  as  much  chlorine  as  Deacon  in  his  process  with 
marbles  saturated  with  cupric  sulphate ;  but  in  the  latter  case  the 
reaction  takes  place  at  a  lower  temperature. 

Gk>rgeu  (Compt.  Bend.  cii.  p.  1164),  on  heating  21  parts  of  NaCl 
with  79  parts  of  clay  in  a  current  of  dry  air,  observed  a  partial 
decomposition  of  the  NaCl ;  the  gas  evolved  was  a  mixture  of 
3  vols.  CI  to  1  vol.  HCl.  100  grams  of  NaCl  yielded  25  or  30 
grams  CI.  He  does  not  consider  this  reaction  practicable  on  the 
large  scale. 

The  process  of  S.  G.  Thomas,  mentioned  on  p.  189,  by  which 
chlorides  are  treated  with  ferric  oxide  and  pig-iron  containing 
much  silicon  in  a  Bessemer  converter,  also  belongs  to  this  class. 

Ldeber  (Germ.  pat.  5610)  moulds  alkaline  chlorides  into  lumps 
with  kieserite  and  bauxite,  and  evolves  HCl  by  means  of  steam,  or 
CI  by  means  of  air ;  the  residue  consists  of  alkaline  aluminates. 

Chlorine  Jrom  Sodium  Chloride  and  Air  by  means  of  Chromic 
Oxide  (Hargreaves  and  Robinson's  patent.  No.  508,  1872). — 
Sodium  or  potassium  chloride  is  intimately  mixed  with  chromic 
oxide,  or  with  manganic  oxide,  and  moulded  into  bricks.  After 
diying,  these  are  loosely  stacked  in  chambers  heated  from 
without  and  brought  to  a  red  heat.    Byjpassing  heated  air  over 
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them  chlorine  is  liberated,  or  hydrochloric  acid  by  air  mixed  with 
steam.  The  best  mixture  is  2  or  8  parts  of  Cr^Os  to  1  part  of  NaCl. 
Instead  of  heating  the  chambers  from  without^  the  action  may  be 
produced  by  an  additional  heating  of  the  entering  air^  the  chambers 
being  sorrounded  by  bad  conductors,  e,  g.  magnesia  bricks. 

Arrott  (Engl.  pat.  2236,  1873)  heats  a  mixture  of  common  salt 
and  ferric  phosphate  in  a  current  of  air,  to  obtain  chlorine.  The 
residue  contains  sodium  phosphate  and  FcsOg;  it  is  lixiviated; 
the  liquor  is  treated  with  lime,  to  precipitate  calcium  phosphate 
and  to  obtain  caustic  soda ;  the  calcium  phosphate  is  heated  with 
ferric  chloride,  obtained  by  dissolving  the  ferric  oxide  in  hydro- 
chloric acid. 

Knight  (No.  3261,  1871)  heats  calcium  phosphate  with  NaCl  in 
a  current  of  air;  chlorine  is  evolved  and  the  residue  contains 
sodium  phosphate. 

III.  Chlobine  pbom  Calcium  Chlobide. 

In  various  processes  of  manufacturing  chemistry  calcium  chlo- 
ride is  produced  in  enormous  quantities  as  a  by-product,  formerly 
always  regarded  as  an  altogether  valueless  waste.  This  held  good 
not  merely  of  the  dilute  solutions,  obtained  in  the  manufacture  of 
bicarbonate  (Vol.  II.  p.  715),  but  also  of  the  concentrated  solutions 
obtained  in  the  Weldon  process  and  in  the  manufacture  of  chlorate 
of  potash*  But  the  circumstance  that  in  the  ammonia-soda  manu- 
facture vast  quantities  of  calcium  chloride  are  formed,  which 
contain  the  total  chlorine  of  the  common  salt,  led  to  serious 
attempts  to  obtain  this  chlorine  from  the  calcium  chloride  in  the 
free  state*. 

Most  persistent  efforts  in  this  direction  have  been  made  by 
Solvay.  His  first  patents  (Nos.  77  &  171,  1877)  prescribe  mixing 
calcium  (or  magnesium)  chloride  with  sand,  clay,  or  a  mixture  of 
both,  moulding  in  balls  or  the  like,  and  treating  with  hot  air  in 
brick  or  iron  towers,  heated  from  without,  in  a  methodical  way, 
so  that  the  air  first  comes  into  contact  with  the  almost  decom- 
posed charge,  and  later  on  with  the  last  fresh  charge.  The  residue 
is  to  be  utilized  in  various  ways  [none  of  them  practicable  I]. 

Later  patents  show  developments  of  this  process.    Thus  No.  838| 

*  So  far  as  the  production  of  hydrochloric  acid  is  concerned,  the  processes  in 
question  <iave  been  enumerated;  Vol.  U.  p.  430  et  seq. 
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1880,  describes  the  furnace .  in  which  the  decomposition  takes 
place  ;  Nos.  7258  &  7259^  1884^  prescribe  making  the  mixtiire  of 
CaClj  and  silica  less  fusible  by  mixing  it  with  the  residue  from  a 
former  operation^  and  replacing  quartz  sand  by  more  active  forms 
of  silica.  The  apparatus  is  to  be  constructed  of  cast«iron^  lined 
with  a  vitrifying  coat.  Patent  No.  8724^  1885^  prescribes  adding 
to  the  mixture  indifferent  fire-proof  substances^  sueh  as  broken 
bricks^  pebbles^  &c.^  which  absorb  the  -heat  of  the  gases,  and  in 
sinking  down  give  it  up  again.  The  residue  of  lime^  alumina,  and 
silica  is  to  serve  for  expelling  the  ammonia  in  the  distillation  of  the 
ammonium-chloride  liquors.  Other  descriptions  of  furnaces  are 
shown  in  patent  No.  13889, 1886.  Patent  No.  18574, 1888,  states 
that  alumina  acts  better  than  free  silica,  but  it  must  be  burned 
before  mixing  it  with  the  calcium  chloride,  since  otherwise  the 
mixture  could  not  be  dried  without  evolving  chlorine.  In  order 
to  prevent  the  formation  of  carbonyl  chloride,  without  heating  too 
much,  there  is  to  be  no  heating  from  without,  but  the  fuel  gas, 
together  with  the  necessary  air,  is  to  be  blown  into  a  high  tower, 
provided  with  a  jacket  for  preventing  the  loss  of  heat.  In  the 
centre  of  this  tower  the  proper  reaction 

CaClj  +  SiO  J  +  O = CaSiO, + CI, 

takes  place ;  the  upper  part  serves  for  retaining  the  excess  heat  of 
the  fire-gases  by  fresh  material,  the  lower  part  for  giving  up  the 
leat  of  the  residual  material  to  the  air,  introduced  for  the  sake  of 
burning  the  fuel. 

Solvay's  Oerman  patent  No.  50342  describes  a  cylindrical  furnace 
turning  on  gudgeons.  Oerman  patent  No.  44865  extends  the 
process  to  camallite  and  kainite. 

Twynam  (Engl.  pat.  731, 1885)  treats  CaCls  liquors  with  3  mols. 
CaO  to  1  CaClj  at  80^0.,  in  order  to  form  an  oxychloride  which 
is  heated  in  a  current  of  dry  air^  preferably  in  the  presence  of 
flilica. 

Bramlcy  (Engl.  pat.  8289, 1887)  mixes  CaClj  with  IJ  parts  iron 
ore,  and  heats  in  a  current  of  steam,  to  produce  HCl,  or  of  dry  air, 
to  produce  chlorine.  The  residue,  now  containing  the  calcium  as 
lime,  is  to  be  used  instead  of  limestone  in  iron-smelting. 

Lyte  and  Steinhart  (Engl.  pat.  21225,  1890)  convert  CaCl,  by 
CO3  and  MgO  into  MgClj,  and  decompose  this  by  the  methods 
mentioned  9iib  No.  IV. 
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Basset  and  Elizade  (French  pat.  207465)  convert  CaClj  into 
MgClj  by  boiling  with  MgCOg ;  comp.  No.  IV. 

Taqnet  (Germ.  pat.  30839)  boils  the  calcium-<ihloride  liquors 
down  to  dryness^  and  beats  500  kil.  of  tbe  dry  residue  with  450 
kil.  ground  MnOj  and  550  kil.  silica^  to  produce  chlorine. 

Compare  also  the  other  processes,  mentioned  Vol.  II.  p.  430 
et  seg.f  in  which  CaCl^  is  to  be  treated  either  for  HCl  or  for  Cl^ 
by  varying  the  conditions. 

All  processes  for  decomposing  calcium  chloride  suffer  from  the 
drawback  that  the  great  heat  of  formation  of  CaCls  from  Ca  and 
CI2  renders  its  decomposition  dif&cult,  costly,  and  imperfect;  in 
this  respect  it  is  greatly  inferior  to  magnesium  chloride,  as  we 
shall  see  infrh.  Hence  proposals  like  that  of  Way  (Engl,  pat 
2139,  1869),  to  split  up  CaCls  by  steam  alone  into  CaO  and  HCl, 
are  utterly  futile. 

Hurter  (Journ.  Soc.  Chem.  Ind.  1883,  p.  103)  points  out  the 
great  consumption  of  heat  involved  in  the  very  best  case  by 
Solvay's  calcium-chloride  process.  In  this  the  CaClj,  moulded 
with  clay  into  lumps,  is  to  be  heated  in  a  current  of  superheated 
steam,  and  the  dilute  HCl  gas  formed  is  to  be  &eed  from  the  excess 
of  steam  by  calcium-chloride  solution.  Suppose  we  employ  a  solu- 
tion containing  20  per  cent.  CaCI^  and  gas  containing  5  per  cent. 
HCl ;  in  this  case  a  calculation  shows  that  10  tons  of  water  must 
be  evaporated  for  each  ton  of  salt.  To  this  we  must  add  the 
superheating  of  the  steam,  and  the  heating  of  1  ton  CaCOg  and 
1  ton  of  clay  to  red-heat.  The  reaction  does  not  give  out  any 
heat ;  on  the  contrary,  it  consumes  26,000  heat-units  per  gram- 
molecule.  After  full  consideration,  Hurter  believes  that  it  would 
be  cheaper  to  decompose  the  calcium  chloride  by  sulphuric  acid  I 


lY.  Chlorine  prom  Magnesium  Chloride. 

We  have  seen  Vol.  II.  p.  432  et  seq.  that  magnesium  chloride 
has  been  frequently  proposed  as  a  technical  source  for  hydro- 
chloric acid,  and  exactly  the  same  holds  good  for  chlorine.  In 
both  cases  the  fact  is  made  use  of  that  the  decomposition  of  MgCl^i 
with  water  into  MgO  and  2HC1,  or  with  oxygen  into  MgO  and 
CI31  is  easier  than  that  of  calcium  chloride.  This  is  also  explicable 
by  thermochemical  data. 
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In  the  case  of  calcium  chloride  we  fiad  the  heats  of  formation : — 

(a)  For  producing  hydrochloric  acid : 

(Ca^Cla)  +  (H„0)  =  (Ca,0)  +  2(H,C1) 
-170        -58       +131         +44=-58cal. 

{b)  For  producing  chlorine  : 

(Ca,Cl,)  +  O = (Ca,0)  +  2C1 
-170  +181  =-39cal. 

In  the  case  of  magnesium  chloride  :— 
(a)  For  producing  hydrochloric  acid : 

(Mg,Cl,)  +  (H„0)  =  (Mg,0)  +  2(H,C1) 
-151         -58        +144       +44=— 21cal. 

(A)  For  producing  chlorine  : 

(Mg,Cy  +  O  =  (Mg,0)  +  2C1 
-151  +144  =-  7cal. 

As  it  is  not  necessary  for  the  purpose  of  comparing  these  two 
cases  to  take  account  of  the  consumption  of  heat  for  splitting  off 
and  evaporating  the  water  of  crystallization^  we  have  not  done  so« 
A  calculation  including  that  item  has  been  given  for  magnesium 
chloride  in  Vol.  II.  p.  434 ;  it  shows  the  theoretical  consumption 
of  heat  for  producing  chlorine  from  MgClj^  6H3O  to  amount  to 
107*6  calories. 

Magnesium  chloride  is  available  for  technical  purposes  from  several 
sources,  but  by  far  the  most  abundant  quantity  is  obtained  as  a  waste 
product  in  the  Stassfurt  manufacture  of  potassium  salts,  which 
alone  would  be  able  to  supply  the  world  with  all  the  chlorine 
at  present  required  (Vol.  II.  p.  433).  Large  quantities  of  mag- 
nesium chloride  might  also  be  obtained  from  the  mother  liquors 
produced  in  the  manufacture  of  salt  from  sea- water ;  but  this  does 
not  pay,  in  view  of  the  conditions  prevailing  at  Stassfurt.  The 
latter  would  have  led  to  the  concentration  in  that  locality  of  the 
greater  part  of  the  manufacture  of  chlorine  produced  at  present  in 
different  parts  of  the  world,  if  the  efforts  for  cheaply  extracting  the 
chlorine  from  magnesium  had  been  successful. 

Very  naturally  other  localities  were  not  content  that  Stassfurt 
should  have  a  monoply  of  magnesium  chloride.  The  process  of 
Muspratt  and  Eschellmann  (p*  537)  for  manufacturing  chloratea 
by  means  of  magnesia  was  rendered  possible  only  by  the  fact 
that  somewhat  large  quantities  of  magnesium  chloride  could  be 
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disposed  of;  but  this  alone  lias  prevented  the  process  from  ex- 
tending beyond  the  place  where  it  originated^  in  spite  of  its  great 
advantages,  because  the  application  of  magnesium  chloride  on  a 
large  scale  has  hitherto  been  only  locally  possible^  viz.  as  a  sizing 
for  cotton- weavers  (Townsend's  patent)^  which  application  will 
hardly  ever  require  more  than  10,000  tons  per  annum. 

Especially  numerous  have  been  the  attempts  at  utilizing 
magnesium  chloride  as  an  intermediary  product  for  making 
chlorine  in  the  ammonia-soda  manufacture.  As  it  was  well-known 
that  chlorine  (and  hydrochloric  acid)  were  at  all  events  more 
easily  and  cheaply  made  from  magnesium  chloride  than  from 
calcium  chloride,  it  was  believed  that  the  object  of  recovering 
the  chlorine  in  that  manufacture  would  be  attained  by  decomposing 
the  ammonium-chloride  mother  liquor  by  magnesia  instead  of  by 
lime;  the  higher  price  of  magnesia  was  no  objection,  as  it  was  to 
be  always  recovered  and  used  over  again  in  the  process. 

Weldon  was  probably  the  first  who  proposed  to  utilize  magnesia 
in  the  ammonia-soda  manufacture.  Before  Solvay's  processes 
had  become  at  all  known,  Weldon  (Engl.  pat.  627,  1866,  comp. 
p.  181)  proposed  to  decompose  sodium  chloride  by  magnesium 
carbonate  and  carbonic  acid  into  sodium  bicarbonate  and  mag- 
nesium chloride,  and  to  obtain  from  the  latter  MgO  and  HCl 
by  heating,  which  is  certainly  not  practicable.  He  was  also  one 
of  the  first  (Engl.  pat.  1539,  1872)  to  propose  decomposing  the 
ammonium-chloride  liquors  of  the  ordinary  (Dyar  and  Hemming) 
ammonia-soda  process  by  magnesia,  instead  of  lime,  in  order  to 
obtain  HCl  and  CI  from  the  MgCI^.  Exactly  at  the  same  time 
Solvay  (No.  1525,  1872)  made  the  same  proposal.  In  the  same 
year  (No.2988, 1872)  Young  proposed  decomposing  the  ammonium- 
chloride  liquor  by  magnesium  carbonate ;  and  Weldon  (No.  8805, 
1873)  repeats  this,  adding  the  recovery  of  the  magnesia  and  of 
hydrochloric  acid.  The  decomposition  of  NH4CI  by  MgO  was 
once  more  patented  by  McDougall  in  1886  (No.  2048).  Cochrane 
and  Bramwell  (No.  11222,  1885)  treat  the  NH^Cl  liquors  first 
for  magnesium  oxychloride. 

I  have  proved  by  laboratory  experiments  (Dingl.  Joum.  1884^ 
ccli.  p.  36)  that  magnesia  certainly  is  able  to  completely  decompose 
solutions  of  ammonium  chloride,  but  that  this  requires  much  more ' 
than  the  equivalent  of  MgO,  and  a  much  greatwr  excess  of  MgO 
than  of  CaO.    Practical  men  had  recognized  this  long  before,  tmd 
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up  to  this  day  that  reaction  has  not  been  attended  with  advantage 
in  actnal  manufacture.  Even  if  the  Stassf  art  competition  did  not 
make  it  hopeless  to  persevere  in  this  direction^  it  could  never  be 
expected  that  the  decomposition  of  ammonium  chloride  would  be 
effected  so  easily^  cheaply^  and  completely  by  magnesia  as  by  lime, 
even  on  the  supposition  of  recovering  the  magnesia  from  the  mag- 
nesium chloride.  This  would  have  to  be  compensated  by  the 
recovery  of  the  chlorine. 

The  following  writers  (all  German)  have  published  descriptions 
of  the  various  processes  for  producing  chlorine  and  hydrochloric 
acid  from  magnesium  chloride : — ^Eschellmann  (Chem.  Ind.  1889, 
p.  2) ;  Kosmann  (Berlin,  1891) ;  N.  Caro  (Berlin,  1893). 

We  shall  now  enumerate  these  processes,  confining  ourselves  as 
much  as  possible  to  those  treating  of  chlorine,  since  the  production 
of  hydrochloric  acid  from  magnesium  chloride  has  been  already 
described  in  Vol.  II. ;  but  a  strict  separation  is  not  possible. 

The  earliest  mention  which  I  can  find  of  the  decomposition  of 
magnesium  chloride  by  a  current  of  steam  with  recovery  of  hydro- 
chloric acid  is  in  a  patent  of  Tilghman's,  No.  11556,  Feb.  1^  1847, 
together  with  a  mass  of  other  things.  He  does  not  yet  speak  of 
chlorine.  Immediately  after.  No.  11585,  Feb.  19, 1847,  de  Sussex 
patents  the  preparation  of  chlorine  by  heating  magnesium  chloride 
with  peroxide  of  manganese  or  with  permanganates.  The  same  is 
aimed  at  by  a  proposal  made  in  1855  by  Ramon  de  Luna  (Compt. 
rend.  xli.  p.  95),  to  produce  chlorine  by  heating  a  mixture  or 
magnesium  sulphate,  common  salt,  and  peroxide  of  manganese ; 
MnClj  and  MgO  remain  behind.  We  meet  with  the  same  in 
Binks  and  Macqueen's  patent  (No.  1240,  1860),  but  especially  in 
Clemm's  process  (Dingl.  Journ.  dxxiii.  p.  127).  Crude  MgCls 
liquor  (from  the  Stassf urt  mines)  was  to  be  evaporated  to  88^  Tw., 
and  mixed  at  a  higher  temperature  with  so  much  ground  man- 
ganese that  1  moK  MnOa  would  be  present  for  every  2  mols. 
MgClf.  The  cooled  and  solidified  mixture  is  crnshed  and  exposed 
in  large  stone  chambers  to  the  action  of  steam  superheated  to 
SOCPC.  or  upwards;  chlorine  gas  is  evolved^  is  purified  from  steam 
and  HCl  by  an  apparatus  filled  with  manganese  ore,  and  passes 
into  a  small  gas-holder  made  of  wood  or  gutta-percha,  &c.,  which 
serves  as  collector  or  regulator  before  the  gas  passes  into  the 
absorbing-apparatus.    This  process  has  never  become  practical, 

Townsend  (Engl.  pat.  1703,  1879)  again  mixes  MgCl,  with 
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sbout  10  per  cent,  manganese  oxides^  and  exposes  the  mixture  to 
heated  air  at  about  113^^  preferably  with  addition  of  CaCIs. 
According  to  a  further  patent  (Germ.  pat.  29807)  he  first  produces 
HCl  hj  heating  a  mixture  of  NaCl9MgS04  and  SiOj  in  a  current 
of  steam^  mixes  the  HCl  with  heated  air^  and  passes  the  solution 
over  a  porous  mixture  of  manganese  ore^  magnesia^  and  day, 
heated  to  205^-815^  in  fireproof  retorts. 

Lyte  and  Steinhart  (Engl.  pat.  21225,  1890,  comp.  p.  585) 
produce  chlorine  by  heating  MgClj  with  Weldon  mud;  the 
presence  of  substances  retaining  the  water  is  advantageous  for  the 
reaction.  In  the  presence  of  sufScient  moisture  the  evolution  of 
chlorine  is  finished  between  150^  and  350^.  The  HCl  evolved 
with  the  chlorine  is  separated  from  it  by  washing.  A  series  of 
reactions  is  given,  the  final  products  being  soft-burned  magnesia, 
calcium  carbonate,  and  chlorine. 

Basset  and  Elizade  (French  pat.  207465,  comp.  p.  586)  mix 
MgClj  with  its  equivalent  of  NaCl,  add  MnO^,  and  heat  to  a 
red  heat. 

The  French  patent  of  Wolters  (No.  213974)  is  practically 
identical  with  Weldon's  magnesium  manganite  process  (p.  558) . 

We  now  come  to  the  processes,  working  without  oxides,  of  man- 
ganese,  which  are  more  important.  Solvay's  patents,  quoted  sub 
No.  III.  (p.  584),  were  all  taken  out  for  CaCls  and  MgCls,  but  he 
does  UQt  seem  to  have  practically  worked  with  the  latter.  The 
real  development  of  the  magnesium-chloride  process  is  connected 
with  the  labours  of  Weldon,  which  were  soon  taken  up  by  P^hiney, 
and  led  to  the  P^chiney- Weldon  process,  in  the  technical  working 
out  of  which  Boulouvard  has  taken  a  prominent  share. 

As  early  as  1868  (Engl.  pat.  No.  565)  Weldon  had  proposed  to 
apply  MgO  instead  of  lime  in  the  recovery  of  MnOj  from  MnClj,  in 
order  to  obtain,  instead  of  the  CaClg  going  to  waste  in  the  ordinary 
Weldon  process,  a  salt,  viz.  MgClg,  from  which  HCl  can  be  pro- 
duced by  heating.  This  part  of  his  patent  was  disclaimed  by 
Weldon  on  April  28,  1870,  after  he  had  convinced  himself  tliat 
Clemm  (Engl.  pat.  1776,  1863)  had  previously  described  a  similar 
decomposition  of  MgCls ;  but  no  doubt  also  because  he  had  found 
that  magnesia  cannot  easily  replace  the  lime  in  the  above  process 
(comp.  p.  588).  At  that  time  he  intended  to  obtain  MgCl^  from 
CaCl}  by  treating  it  with  MgO  and  COj  under  pressure,  with 
formation  of  CaCOj  (Engl.  pat.  732,  1869),  but  he  did  not  pursue 
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ihis  idea.  Later  on  (No.  2389^  1871)  he  proposed  to  employ 
magnesia  instead  of  lime  in  the  manufacture  of  chlorate  of  potash^ 
in  order  to  produce  HCl  or  chlorine  from  the  MgClj  formed. 

About  that  time  Weldon  hit  upon  the  idea  of  his  magnesium- 
manganite  process^  described  p.  558^  in  which^  however^  he 
started  from  Leblanc  hydrochloric  acid^  magnesium  chloride  being 
only  an  intermediate  product.  While  effecting  improvements  in 
this  process  (p.  559)  the  idea  struck  him  to  leave  out  the  man- 
ganese altogether  and  to  work  exclusively  with  magnesium  com- 
pounds (Engl.  pat.  967  and  968^  1881).  Here  the  chemical 
principles  of  the  new  process  are  already  completely  developed^ 
especially  the  mixing  of  concentrated  solutions  of  MgCl^  with 
solid  magnesia  (or  ferric  oxide^  which  has  never  been  practically 
tried),  and  moulding  the  mixture  into  lumps  which  remain  in- 
fusible  and  porous  on  heatings  so  that  they  permit  the  action 
of  hot  air  upon  their  interior^  and  are  also  better  conductors  of 
heat.  He  at  that  time  proposed  a  set  of  iron  cylinders^  lined 
with  bricks,  similar  to  a  Hargreaves  apparatus;  but  this  was  not 
found  practicable,  as  the  heat  did  not  sufficiently  penetrate  into 
the  mass. 

The  further  working  out  of  the  technical  details  was  taken  over 
by  Pechiney,  with  the  assistance  of  Boulouvard,  and  was  effected 
at  Salindres.  The  different  stages  of  his  inventions  are  described 
in  the  English  patents  taken  by  him  and  Weldon  in  1884  (Nos.  9305 
&  11035)  and  in  1887  (Nos.  14653  &  14654). 

A  detailed  description  of  the  experimental  plant  erected  at 
Salindres  for  the  daily  production  of  a  ton  of  chlorine  has  been 
giYen  by  Dewar  (Joum.  Soc.  Chem.  Ind.  1887,  p.  775),  and  this 
will  be  especially  made  use  of  in  the  following  summary : — 

First  Operation.  Dissolving  ike  Magnesia  in  Hydrochloric 
Acid. — ^The  MgO  employed  here  is  part  of  that  recovered  in  the 
fifth  operation.  The  HCl  comes  partly  from  the  same  source, 
partly  from  the  Leblanc  process.  The  temperature  rises  con- 
siderably, and  the  work  must  be  performed  slowly  to  avoid  boiling. 
It  is  done  in  a  ''  neutralizing  well,''  as  provided  in  the  old  Weldon 
process  (p.  331).  The  acid  runs  in  slowly  and  magnesia  is  added 
in  small  quantities ;  as  soon  as  the  heat  rises  too  much  the  mass 
is  allowed  to  cool  down  a  little.  Part  of  the  magnesia  may  be 
replaced  by  the  riddlings  from  sifting  the  magnesium  oxychloride 
in  the  third  operation,  which  otherwise  cannot  be  directly  utilized 
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and  which  lower  the  temperature.  In  the  end  a  slight  excess  of 
magnesia  is  added,  in  order  to  precipitate  ferric  oxide,  alumina,  &c., 
and  a  little  solution  of  CaCls>  in  order  to  convert  into  MgCl^  at 
least  part  of  the  magnesium  sulphate  formed  by  the  sulphuric 
acid  contained  as  impurity  in  the  hydrochloric  acid.  The  liquor 
is  then  allowed  to  settle. 

Second  Operation.  Preparation  of  the  Magnesium  Oxychloride* 
—The  solution  obtained  in  No.  1  is  boiled  down  to  the  point 
where  only  6  mols.  H^O  are  present  to  1  mol.  MgCls,  and  is  then 
converted  into  oxychloride  in  an  apparatus  of  which  fig.  176  shows 
a  longitudinal  section  and  fig.  177  a  sectional  plan.  It  consists  of 
an  annular  iron  vessel  A,  resting  on  rollers  a,  a.  By  means  of 
the  bevelled  wheel  b  and  pinion  c,  A  is  made  to  revolve  slowly. 
M  is  an  immovable  frame  on  which  three  stirrers,  O^  D,  E,  and  the 
shafts  d  and /are  fixed.  The  stirrers  are  rotated  from  shaft  /  by 
means  of  a  bevelled  wheel  gearing  with  another  bevelled  wheel  on 
the  central  stirrer  D,  from  which  G  and  E  are  driven  by  other 
spur-wheels.  The-  fast  and  loose  pulleys  B  and  B'  transmit  the 
motion  from  the  steam-engine. 

The  boiled-down  solution  of  MgCl^  is  put  into  A,  and  is  there 
mixed  with  1^  equivalents  of  MgO.  This  MgO  is  brought  by  a 
chain  of  buckets  which  lets  it  descend  through  a  strainer,  under 
which  the  annular  vessel  containing  the  MgClg  slowly  rotates,  the 
operation  lasting  about  twenty  minutes.  The  mass  becomes  very 
hard,  with  evolution  of  much  heat,  and  is  in  the  form  of  solid 
pieces  of  different  sizes.  It  is  discharged  into  little  iron  waggons,, 
which  by  means  of  a  lift  carry  it  to  an  upper  floor,  where  the 
reaction  continues  for  some  time.  Its  composition  is  approxi* 
mately : — 

Impurities    ...  4*00 

Water  41-16 

',     MgCl,  35-00= 26-16  per  cent.  CI. 

MgO     19-84=  1-346  equiv.  per  1  equiv.  of  MgCl,. 


100-00 


Third  Operation.  Breaking,  Crushing ,  and  Sifting  the  Owy- 
chloride  of  Magnesia. — This  substance  must  be  reduced  to 
pieces  not  larger  than  a   walnut,   but  free  from  dust.     It  is- 
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Fig.  170. 


crualied  by  means  of  cylinders  bristlmg  witb  diamond  points;  it 
then  falla  into  a  rotary  sieve,  whicli  separates  from  it  all  the 
particles  less  than  5  millimetres.  About  20  per  cent,  is  obtained 
in  the  shape  of  powder,  part  of  wbicb  can  be  used  in  the  first 
operation  as  described ;  the  remainder  returns  into  the  second 
operation. 

VOL.  III.  2q 
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Fourth  Operation.  Drying  the  Oxychloride  of  Magnesium. — ^This 
is  necessary  because  otherwise  less  Ci  and  more  HCl  would  be 
formed  in  the  next  operation^  and  the  temperature  could  not  be 
kept  sufficiently  high.  A  considerable  quantity  of  water  can  be 
expelled  without  losing  much  HCl^  but  the  temperature  must  not 
rise  above  250°  to  300°  C,  which  can  be  secured  only  by  means  of 
a  current  of  hot  gases.  The  necessity  of  avoiding  the  formation  of 
dust  made  it  impossible  to  use  mechanical  agitators  for  the  drying 
process.  The  apparatus  employed  for  drying  is  shown,  in  cross 
and  longitudinal  section,  in  figs.  178  and  179.  It  consists  of  a 
brick  flue  through  which  the  trucks  filled  with  oxychloride  pass, 
the  oxychloride  being  spread  in  layers  of  2  to  2\  inches  thick  on 
seven  shelves  in  each  truck,  the  hot  gases  traversing  the  flue  in  the 
opposite  direction.  The  locks  A  and  B  prevent  the  trucks  from 
entering  or  leaving  without  opening  direct  communication  between 
the  interior  of  the  flue  and  the  outer  air.  To  introduce  a  truck, 
door  a  is  opened,  and  is  shut  again  after  the  truck  has  been  put  in 
the  lock.  Dampers  c  and  d  are  then  lifted,  and  by  means  of  the 
pusher-rack  G  the  truck  is  made  to  advance  into  the  flue.  It 
pushes  truck  No.  10  and  the  whole  train  of  trucks  forward.  No.  1 
being  pushed  partly  into  the  exit-lock  6;  it  is  entirely  drawn  into 
this  lock  by  the  hook  D  worked  from  the  outside.  Damper  d  is 
then  shut,  door  b  opened,  and  the  truck  withdrawn  by  hand. 
The  hot  gases  enter  at  M  and  leave  the  flue  at  N;  their  tem- 
perature must  not  exceed  300°  C.  A  special,  very  ingeniously 
constructed,  apparatus  serves  for  spreading  the  oxychloride 
regularly  on  the  seven  shelves  of  each  truck ;  for  this  we  must 
refer  to  the  original  description. 

During  the  drying,  the  oxychloride  loses  60  to  65  per  cent,  of 
its  water,  together  with  5  to  8  per  cent,  of  its  chlorine,  in  the 
shape  of  HCl;  the  dried  product  is  therefore  richer  in  magnesia 
than  the  original  product.  Thus,  for  instance,  the  oxychloride, 
the  analysis  of  which  has  been  given  above,  was  found  to  be 
*  reduced  by  drying  to  78'36  per  cent.,  formed  of: — 

Impurities  . . .     5*47  per  cent. 

Water    21-62. 

MgClj     44-45  =  38-30  \\er  cent.  CI. 

MgO 28-36=1-511  equiv.  of  the  MgClg. 
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Fifth  Operation.  Decomposition  of  Magnegium  Oxyckloride. — 
This  is  difficult  in  consequence  of  the  mass  being  a  bad  conductor 
of  beat,  so  that  it  could  not  be  brought  to  a  red  heat  in  externally 
fired  retorts,  unless  by  an  enormous  expenditure  of  fuel;  nor 
could  the  heating  be  performed  as  quickly  aa  is  required  for  a 
successful  operation. 

The  furnace  constructed  for  the  object  in  question  is  the  most 
ingenious  part  of  the  whole  apparatus.  It  borrows  its  principles 
partly  from  the  ancient  baker's  oven  and  partly  from  Cowper's 
hot-blast  stoves,  but  it  presents  a  very  peculiar  solutiun  of  this 
difficult  problem.  Fig.  180  shows  a  vertical  section  of  the  furnace 
proper  and  of  the  movable  burners  ;  fig.  181  a  horizontal  section, 
on  the  top  from  C  to  D,  at  the  bottom  from  E  to  F  in  fig.  180. 
In  both  the  movable  burner  is  shown  in  the  position  which  it 
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occupies  during  the  operation  of  heating-iip.  Fig.  182  shows  a 
vertical  section  of  the  furnace  proper.  A,  A,  A,  A  are  four 
narrow  decomposing  chambers,  having  very  thick  walls.  The 
upper  extremity  of  each  opens  into  the  combustion-chamber  B, 
and  the  lower  extremity  communicates  with  the  four  horizontal 
channels  a,  a,  a,  a.  The  movable  regenerator  burner,  fig.  180, 
consists  of  a  system  of  cast-iron  pipes,  contained  in  an  envelope  of 
masonry,  encased  with  strongly-bound  iron  plates.  The  pipes  are 
of  rectangular  section,  and  each  of  them  is  divided  by  vertical 
partitions  into  three  compartments,  t,  o,  u.  The  central  compart- 
ments o,  0  convey  gaseous  fuel  into  the  combination-chamber,  the 
side  compartments  i,  u  convey  air  into  the  same.  The  producer 
gas  is  supplied  by  the  main  upon  which  is  the  valve  N,  fig.  181, 
from  which  it  passes  by  pipes  V  and  C  into  the  compartments  o,  o, 
in  which  it  ascends,  and  issues  through  the  small  pipes  rf,  d  into 
the  combustion-chamber  B.  The  air  for  combustion  enters  at  the 
bottom  of  the  compartments  i  and  u,  and  at  the  top  issues  through 
the  wide  flat  pipe  T  into  B.  The  small  pipes  rf,  rf,  pass  through  T 
and  project  a  little  outside.  The  pipe  V  is  fixed  to  the  stationary 
main  pipe;  it  can  be,  by  U,  quickly  connected  or  disconnected 
with  the  pipe  C  fixed  on  the  movable  burner. 

The  flame  formed  in  B  enters  the  narrow  chambers  A,  A  at  the 
top,  leaves  them  below  at  a,  a,  and  passes  upwards  through  Z  Z 
into  the  burner,  where  it  plays  round  the  rectangular  cast-iron 
pipes  and  passes  away  by  P  into  the  flue  G.  Thus  the  producer- 
gas  and  the  air  receive  a  preliminary  heating.  P  communicates 
by  Q  with  the  flue  by  which  the  products  of  combustion  are  'taken 
away ;  by  means  of  the  lever  S  the  piece  P  can  be  raised  or 
lowered.  The  burner  stands  on  rails  upon  a  truck,  and  can  be 
moved  sideways,  so  that  always  one  furnace  is  being  heated  up, 
while  in  the  other  the  decomposition  of  oxychloride  is  going  on. 

The  work  is  carried  on  as  follows  : — The  four  chambers  A,  A,  A,  A 
of  one  of  the  furnaces  are  brought  to  the  proper  temperature;  then, 
after  charging  the  valves,  &c.,  the  burner  is  removed  and  placed 
in  front  of  another  furnace.  The  four  chambers  of  the  first 
furnace  are  quickly  charged  through  the  openings  H,  H,  with 
oxychloride  in  pieces,  and  through  openings  in  the  door  F  air  is 
drawn  in  by  an  aspirator.  The  mass  quickly  becomes  heated  by 
the  heat  stored  in  the  thick  walls  of  the  furnace,  and  a  mixture 
of  gases  and  vapours  escapes  from  the  chambers,  containing  both 
CI  find  HCl;  it  passes  through  a,  a  into  the  space  at  F,  and  from 
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there  through  /  into  pipe  m.  When  the  decomposition  has 
sufficiently  advanced,  the  current  of  air  is  shut  off,  door  F  is 
opened,  the  oxide  is  drawn  out  and  removed  through  a,  a.  Now 
the  lid  is  again  put  on  H,  F  is  opened,  and  the  burner  is  brought 
back  again. 

Fijr.  183. 
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The  curve,  fig.  183,  shows  the  rate  of  the  evolution  of  chlorine. 
The  time  after  charging  is  marked  on  the  horizontal  lines,  the  per- 
centage of  chloride  in  the  gas  (by  volume)  on  the  vertical  lines. 
With  operations  of  408  to  420  kil.,  15  to  19  per  cent,  of  the 
chlorine  introduced  remained  in  the  residue;  42*4  to  45*2  per 
cent,  was  evolved  in  the  free  state,  and  38*1  to  40*0  per  cent,  as 
UCI.  The  gases  contained  in  maximo  6*25  to  7*78  vol.  per  cent, 
of  chlorine. 

Dewar  thinks  that  at  first  very  much  steam  is  given  off,  which 
forms  and  carries  away  a  corresponding  quantity  of  HCl.  Then 
anhydrous  MgCl^  and  MgO  remains,  and  now  the  oxygen  forms 
MgO  and  free  chlorine.  The  reaction  is,  however,  reversible,  so 
that  from  MgO  and  Cl^,  MgCl^  and  O  may  be  regenerated. 

[Kingzett  (Journ.  Soc.  Chem.  Ind.  1888,  p.  286)  has  shown  it 
to  be  probable  that  in  the  P^chiney-Weldon  process  not  merely 
the  reaction  assumed  by  the  inventors,  MgCl2  +  0=Mg0  4-Cls,  is 
going  on,  but  that  the  MgO  behaves  towards  the  HCl  as  a 
catalytic  substance,  and  favours  the  oxidation  of  HCl  by  atmo- 
spheric oxygen  in  a  similar  way  to  the  copper  salt  in  the  Deacon 
process.  The  free  chlorine  is  not  merely  formed  from  the  entirely 
dry  magnesium  oxychloride,  but  also  from  the  HCl  formed  in 
the  decomposition  of  the  oxychloride  containing  20  per  cent,  of 
water.] 
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The  gasei  are  drawn  off  by  a  two-bell  aspirator,  plunging  into  a 
concentrated  solution  of  calcium  chloride  in  which  chlorine  is 
almost  insoluble.  The  aspirator  acts  only  behind  the  condensing- 
apparatus,  which  consists  of : — 1.  A  glass-tube  refrigerator.  2.  A 
numberof  stoneware  bombonnes  (receivers).  3.  An  ordinary  coke 
condenser.  The  glass-tube  refrigerator  has  been  specially  devised 
i'or  quickly  and  thoroughly  cooling  hot  dilute  gases.  It  consists 
of  a  stone  tower,  two  opposite  sides  of  which  are  perforated  with 
many  holes.  Through  each  two  of  these  boles  a  glass  tube  passes 
in  a  slightly  inclined  position.  The  ends  of  the  tubes  project  from 
the  tower ;  those  on  the  lower  side  are  connected  by  india-rubber 
tubes  with  a  water-pipe,  those  on  the  upper  side,  also  by  india- 
rubber  tubing,  with  gutters.  Cold  water  constantly  passes 
through,  and  owing  to  the  inclined  position  of  the  tubra  always 
keeps  them  full,  so  that  they  do  not  crack  by  the  heat  of  the  gases. 
This  apparatus  is  shown  in  figs.  184  and  185.     The  hot  gas  enters 
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at  the  top^  plays  round  the  glass  tubes  and  issues  at  the  bottom; 
the  condensing  liquid  runs  away  at  the  bottom.  If  a  glass  tube 
breaks^  this  is  at  once  perceived  by  the  fact  that  no  water  issues 
from  it  into  the  open  gutter;  it  can  then  be  exchanged  in  a 
moment  without  disturbing  the  work. 

From  the  cooler  the  gas  passes  into  the  bombonnes  and  then 
into  the  coke-condenser.  The  mixed  acid  shows  18®  Tw.,  but  it 
could  be  made  stronger  by  suitable  means.  The  chlorine  freed 
from  HCl  now  goes  into  the  aspirator  and  then  to  the  place  where 
it  is  to  be  utilized. 

The  magnesia  coming  from  the  decomposing  furnaces  is  cooled 
in  a  vessel  provided  with  a  mechanical  agitator  and  a  water- 
jacket^  and  is  then  sifted  in  a  revolving  sieve.  About  f  passes 
through  the  sieve  as  a  powder,  containing  hardly  4  per  cent.  CI ; 
^  remains  on  the  sieve.  The  latter  is  slightly  modified  oxy- 
chloride,  which  is  at  once  mixed  with  oxychloride  from  the  fourth 
operation  and  worked  up  again.  When  working  a  Stassfurt 
product,  from  100  parts  MgCl2,6  H2O,  a  residue  of  20  parts  MgO 
will  be  obtained ;  the  4  per  cent.  CI  retained  by  this  amount  is 
only  2*3  per  cent,  of  the  original  substance. 

The  total  chlorine  entering  into  the  process  as  MgClg  is  accounted 
for  as  follows: — 

Mechanically  lost  at  the  different  stages. . .     5*00 

„  „    in  drying 6*27 

11*27  per  cent* 

Re-introduced  into  the  process  with  the 

residue  13-30 

As  condensed  HCl    35*29 

48*59        „ 

Obtained  in  the  free  state    40*14         „ 


100*00 

These  40*14  free  chlorine  have  been  obtained  from  100—48*59 
=  51*41  chlorine;  hence^  when  allowing  for  that  which  returns 
into  the  process^  78  per  cent,  of  the  chlorine  is  utilized. 

A  better  result  than  the  above  might  be  expected  if  the  tem« 
perature  of  the  furnace  could  be  raised  much  above  that  which  has 
been  hitherto  obtained  (1000°  C).  The  furnace  at  Salindres 
consists  of  two  parts  of  nine  chambers^  each  3  metres  high^  1  metre 
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long,  and  0*08  metre  wide.  Such  a  unit  should  produce  per 
24  hours  1000  kil.  free  chlorine,  viz.,  six  operations  at  170  kil.  CI 
each.  The  present  heating  arrangements  do  not  permit  more  than 
four  operations,  but  with  better  heating  five  operations  should  be 
attained. 

We  shall  not  repeat  here  the  calculations  given  in  the  original. 
It  may  suffice  to  say  that  according  to  Pechiney's  statement  the 
apparatus  then  working  at  Saliiidres  was  capable  of  producing 
1000  kil.  chlorine  at  209  frs.  (without  counting  the  cost  of  HCl 
or  MgCl2),  and  that  he  believed  he  could  make  1000  kil.  chlorine 
in  a  larger  or  better  constructed  apparatus  for  118  frs.,  of  which 
48  frs.  is  for  coals.  Under  English  conditions  Dewar  believed  he 
was  able  to  reduce  this  to  94  frs.,  that  is,  equal  to  the  cost  of  ordinary 
Weldon  chlorine,  without  counting  the  HCl.  The  advantage 
of  the  new  process  would  be  that  instead  of  the  33  per  cent, 
utilized  in  the  old  Weldon  process,  78  or  80  per  cent,  of  the 
chlorine  of  HCl  would  be  available.  This  would  save  per  ton  of 
CI  two  tons  of  HCl,  equal  (according  to  Dewar)  to  £o  12*. 
Altogether,  taking  £2  16«.  as  the  value  of  I  ton  of  HCl,  1  ton  of 
chlorine  would  cost  by  the  old  Weldon  process  £13  1*.,  by  the 
P^chiney- Weldon  process  £7  9s.,  and  at  Stassfurt,  where  the 
value  of  magnesium  chloride  is  nil,  only  £b  (even  without  allowing 
anything  for  the  magnesia  obtained  in  the  process) .  He  concludes 
that  the  chlorine  industry  would  emigrate  to  Stassfurt.  The 
cost  of  plant  per  ton  of  chlorine  made  iu  24  hours  is  estimated  by 
Pechiney= 120,000  frs.,  that  is  twice  as  much  as  an  old  Weldon 
plant.  [Probably  the  plant  would  cost  much  more,  and  the 
repairs  for  that  complicated  and  extensive  apparatus  must  also  be 
rather  heavy.] 

There  seems  to  be  no  doubt  that  the  Peehiney- Weldon  process, 
applied  to  hydrochloric  acid,  cannot  compete  with  the  Deacon 
process,  as  improved  by  Hasenclever.  The  latter  requires  much 
less  complicated  and  costly  apparatus,  and  obtains  much  more 
chlorine,  viz.  88  per  cent.,  allowing  for  the  recovered  hydrochloric 
acid.  The  best  proof  of  this  is  that  the  process  has  been  stopped 
at  Salindres  itself.  Weldon,  Peehiney,  and  Dewar  had  them- 
selves declared  that  the  proper  locality  for  working  it  is  at 
Stassfurt;  but  none  of  the  manufacturers  there  had  seen  their  way 
to  adopt  it,  although  they  carefully  looked  into  it.  The  P&hiney- 
Weldon  process  is  at  work  at  Szakowa,  iu  Austrian  Poland,  where 
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it  is  applied  to  magnesium  chloride^  prepared  from  the  CaCl^  of 
the  ammonia-soda  manufacture  by  the  Schaffner-Helbig  treatment 
with  MgO  and  C03  (Vol.  II.  p.  860).  At  that  factory  only 
chlorate  of  potash  is  made,  8  cwt.  per  24  hours  (Zsch.  f.  angew. 
Chem.  1892,  p.  709). 

F.  Fischer  (Zsch.  f.  angew.  Chem.  1888,  p.  549)  calculates  the 
theoretical  requirement  of  heat  for  producing  a  kilogram-molecule 
(35 '5  kil.)  of  chlorine  by  the  P^chney-Weldon  process  as  follows: — 

1.  Chemical  work  13,500  cal. 

2.  Heating  the  air 62,000    „ 

8.  „  magnesia  24,400    „ 

4.  „  steam 37,900    „ 

5.  „  chlorine  and  HCl     11,200    „ 


149,000    „ 

To  this  must  be  added  the  loss  by  convection  and  radiation  from 
the  brickwork.  The  cooler  has  to  perform  work  corresponding  to 
the  items  No.  2,  4,  and  5  =  111,100  calories,  which  must  be  taken 
into  account  when  calculating  the  cooling-water. 

Eschellmann  (Chem.  Ind.  1889,  p.  51)  gives  an  extremely 
detailed  calculation  of  the  theoretical  quantities  of  heat  required 
for  the  Pocbiney-Weldon  process ;  but  in  spite  of  its  ingenuity 
it  has  no  practical  value,  as  in  the  end  there  is  a  doubt 
whether  in  reality  six  or  nine  times  the  theoretical  quantity  would 
be  consumed  (probably  far  more  than  even  the  latter,  which 
Pechiney  stated  as  one  which  he  hoped  to  attain,  but  which  he 
practically  exceeded  by  50  per  cent.).  Eschellmann  certainly 
predicts  a  bright  future  for  the  process ;  he  calculates  the  cost  of 
a  ton  of  bleaching- power  at  Stassfurt=£3  10«.,  without  allowing 
for  the  value  of  5  cwt.  of  magnesia ;  and  the  cost  of  a  ton  of 
chlorate  of  potash,  when  combining  the  Muspratt-Eschellmann 
magnesia  process  with  working  up  the  MgCl2  liquor  formed 
therein  by  the  Pechiney- Weldon  process,  at  ^626.  Both  these 
figures  would  represent  enormous  profits  iu  comparison  with  the 
prices  current  in  1889  and  at  the  present  day ;  but  nobody  has 
seen  his  way  to  the  adoption  of  the  process,  and  this  will  be  all  the 
less  likely  since  the  development  of  electrolysis. 

Evidently  practical  men  have  had  no  confidence  in  the  cal- 
culations of  Pechiney,  Eschellmann,  and  others  (comp.  Nahnsen, 
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Zsch.  f.  angew.  Chem.  1889,  p.  673) ;  they  have  also  been  deterred 
by  the  cost  and  complication  of  the  plant.  But  for  all  that  the 
Pechiney-Weldon  process  is  most  interesting,  and  may  possibly 
come  to  the  front  again ;  at  all  events  it  deserves,  by  the  ingenious 
construction  of  the  apparatus,  which  is  a  model  for  other  cases, 
the  somewhat  lengthened  treatment  I  have  given  it  here,  which  is 
rather  out  of  proportion  to  its  present  practical  importance. 

The  following  processes  show  more  or  less  analogy  with  the 
Pechiney-Weldon  process : — 

Wilson  (Engl.  pat.  3098,  1885)  evaporates  a  solution  of 
magnesium  chloride  up  to  the  point  that  a  sample  solidifies  on 
cooling,  and  then  runs  it  into  a  furnace,  on  the  hearth  of  which 
the  residue  from  a  former  operation  is  still  left;  this  absorbs  the 
liquor,  whereupon  the  whole  is  heated  in  a  current  of  air,  in  order 
to  produce  chlorine,  or  of  steam,  to  produce  HCl. 

The  Yereinigte  chemische  Fabriken  at  Leopoldshall  (Germ, 
pat.  43500)  employ  a  mechanical  arrangement  for  moulding  the 
magnesium  oxychloride. 

Gamble  (Engl.  pat.  11581,  1888)  decomposes  the  oxychloride 
in  a  revolving  furnace.  Miihlig  (Germ.  pat.  51183)  employs  a 
special  gas-furnace  for  the  same  purpose. 

Lyte  and  Tatters  (Engl.  pat.  17217,  1889)  prepare  in  different 
ways  a  specially  porous  magnesium  oxychloride;  for  preparing 
anhydrous  MgCls,  they  employ  the  ammonium  double  salt. 

Ramdohr,  Blumenthal,  &  Co.  (Germ.  pat.  19259)  mix  a  solution 
of  MgClj,  concentrated  to  40^  or  50°  Baume,  with  from  4  to  10  per 
cent,  of  magnesite,  and  heat  it  to  a  red  heat  in  a  current  of  air. 

Nithack  (Germ.  pat.  30742)  brings  the  hot  concentrated  solution 
in  contact  with  heated  brick  surfaces  in  the  state  of  spray. 

Lyte  (Engl.  pat.  6333,  1890)  describes  a  fresh  method  for 
preparing  magnesium  oxychloride. 

Chlorine  from  Anhydrous  Magnesium  Chloride. 

The  above-mentioned  inventions  endeavour  to  avoid  the  difficulty 
caused  by  the  splitting  off  of  HCl  in  the  working  up  of  hydrated 
magnesium  chloride  by  forming  an  oxychloride.  Another  series 
of  inventions  refers  to  the  formation  of  anhydrous  MgCl^  under 
such  circumstances  that  little  or  no  HCl  is  split  off",  and  that  theu 
by  means  of  air  MgO  and  CI  can  be  produced* 
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The  Kaliwerke  Aschersleben  (Germ.  pat.  32338)  treat  crys- 
tallized MgClj.GHaO  in  a  vacuum  at  a  temperature  never 
reaching  the  fusing-point.  Other  patents  (Nos.  34404  and  36916) 
describe  special  vacuum  apparatus  for  this  object. 

Konther  (Germ.  pat.  41351)  believes  that  the  decomposition  of 
magnesium  chloride  can  be  promoted  by  calcium  chloride. 

Vogt  (Germ.  pat.  37083)  describes  a  combination  of  a  "shelf- 
burner/'  exactly  similar  to  the  Mal^tra  burner,  Vol.  I.  p.  252,  with 
a  horizontal  revolving  iron  cylinder ;  the  mass,  thickened  in  the 
latter,  is  put  into  the  furnace  and  gradually  worked  from  the  top 
shelf  down  to  the  bottom.  By  injecting  air,  free  from  COj  and 
heated  in  recuperator  chambers,  chlorine  is  produced. 

The  furnaces  of  Heinzerling  and  Schmid  (Germ.  pat.  41996, 
47197,  48845 ;  Engl.  pat.  13648, 1888)  are  more  intended  for  the 
production  of  HCl;  they  are  described  in  Vol.  II.  p.  435. 

Solvay  (Engl.  pat.  4417,  1889)  heats  crystallized  MgClj, 
6H2O  in  a  current  of  air  not  above  120°,  by  which  80  per  cent, 
of  the  water  is  removed  without  fusion  or  expulsion  of  CI  or 
HCl  (?). 

It  is  preferable  to  mix  it  first  with  half  its  weight  of  anhydrous 
MgClj,  in  which  case  it  is  possible  to  heat  as  high  as  300°  or  400° 
without  fusion.  The  air  is  first  dried  by  chloride  of  calcium  or 
sulphuric  acid,  and  then  carries  along  all  the  steam,  so  that 
anhydrous  MgCl2  remains.  This  is  now  treated  in  the  fused  state 
with  hot  air,  and  gives  up  its  chlorine.  Special  apparatus  is 
described  for  this  purpose.  This  treatment  in  the  fused  state  is 
supposed  to  avoid  the  drawbacks  in  treating  MgCl^  in  the  pul- 
verulent state. 

Schlosing  (Engl.  pat.  11821,  1887)  concentrates  a  solution  of 
MgCls  in  open  pans  to  a  temperature  of  165°  or  170°,  and  heats 
further  in  a  special  furnace,  with  stirring,  until  the  mass  becomes 
granular,  and  contains  only  30  per  cent,  water;  3  to  5  per  cent, 
of  the  chlorine  escape  as  HCl,  which  is  condensed.  On  further 
heating  from  without  to  a  red  heat,  he  obtains  a  mixture  of  MgO 
and  MgCls,  containing  from  40  to  50  per  cent.  CI,  which  is  mixed 
with  20  to  30  per  cent.  MgO,  moulded  into  bricks,  and  heated  in 
a  current  of  air  at  a  dark-red  heat,  which  produces  a  gaseous 
mixture  containing  30  per  cent.  01  by  volume.  He  employs  for 
this  purpose  an  upright  furnace  (kiln)  with  three  concentric  rings. 
Between  the  inner  and  the  middle  ring  there  is  a  number  of. 
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vertical  heating-flues^  4  to  6  inches  wide ;  the  space  between  the 
middle  and  the  outer  ring  is  filled  with  a  network  of  bricks, 
serving  as  a  heat  recuperator  for  heating  the  air.  The  work  is 
continuous.  The  moulded  bricks  alreadv  mentioned  are  heated 
from  without  in  the  central  shaft,  by  means  of  the  small  heating- 
flues  ;  this  is  done  with  air,  heated  in  the  recuperators,  which  then 
enters  into  the  central  shaft  and  here  expels  chlorine  from  MgClj. 
In  order  to  produce  as  much  anhydrous  MgCl2  as  possible,  the 
atmosphere  of  the  central  shaft  must  be  charged  with  hydrogen- 
chloride  vapour  of  the  highest  practicable  tension.  This  produces 
the  desired  effect,  according  to  the  following  account,  which  I 
heard  from  the  inventor  himself,  as  communicated  in  Zsch.  f. 
angew.  Chem.  1889,  p.  699. 

If  the  heating  is  effected  in  a  current  of  air,  according  to  the 
laws  of  dissociation  a  mixture  of  HCl,  steam,  and  free  CI  mu:$t 
escape,  and  each  time  a  chemical  equilibrium  must  be  established 
corresponding  to  the  partial  pressure  of  the  gases,  which  prevents 
either  of  the  above  three  substances  being  formed  to  the  exclu- 
sion of  the  others.  If  the  latter  result  is  required,  the  chemical 
equilibrium  in  the  dissociation  of  hydrated  magnesium  chloride 
must  be  shifted,  which  can  be  done  in  various  ways.  If,  for 
instance,  hydrated  magnesium  chloride  is  heated  in  a  current  of 
steam,  it  is  possible  to  expel  the  whole  of  the  HCl  and  to  retain 
pure  MgO  in  the  residue  (this  is  the  rationale  of  the  process  of 
Heinzerling  and  Schmid,  Vol.  II.  p.  373).  On  the  other  hand, 
the  heating  may  be  performed  in  a  current  of  dry  HCl ;  then  only 
the  water  of  the  hydrated  magnesium  chloride  is  expelled,  and 
ultimately  anhydrous  MgCl^  remains  behind.  [This  was  shown 
to  be  the  case  long  before  by  Dumas ;  special,  unpublished  experi- 
ments have  been  made  on  this  subject  by  H.  Gall.]  If  once 
anhydrous  MgCl^  has  been  obtained,  the  preparation  of  chlorine 
can  be  most  easily  effected  by  a  current  of  dry  air  at  a  dark-red 
heat,  say  450^;  the  oxygen  is  quantitatively  exchanged  for  chlorine, 
and  a  mixture  of  30  to  35  per  cent.  CI  with  70  to  65  per  cent.  N 
is  obtained:  MgCl2  +  0  =  MgO  +  Clj.  The  point  in  question  is, 
turning  the  drying  of  the  hydrated  magnesium  chloride  into  a 
practical  operation.  Schlosing^s  patent  of  1887  endeavours  to  effect 
this  by  separately  condensing  the  first  escaping  mixture,  which 
contains  much  steam  and  little  HCl,  neutralizing  it  with  MgO^ 
and    re-employing    the    MgCl^  formed.      In  the  second   stage 
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principally  HCl  escapes^  which  is  not  accompanied  by  a  sufficient 
quantity  of  water  to  be  condensed  to  liquid  acid;  a  great  deal  of 
HCl  remains  in  the  state  of  gas^  which  is  drawn  away  by  a  pump 
and  re-injected  into  the  front  part  of  the  retort.  By  this  circu- 
lation of  HCl  a  sufficient  tension  of  this  gas  is  produced  to  obtain 
a  residue  testing  from  60  to  80  per  cent.  MgCl^  and  from  40  to  20 
per  cent.  MgO.  This  particular  mixture  is  advantageous^  because 
the  MgO  prevents  the  fusion  of  the  MgCl2,  which  would  stop  the 
gases  from  penetrating  through.  Altogether  the  process  must  be 
carried  on  in  such  a  way  that  the  mass  always  remains  porous^ 
in  which  respect  Schlosing  follows  the  lead  of  the  Pechiney- 
Weldon  process. 

Eschellmann  (Chem.  lad.  1889,  p.  31)  justly  points  out  that  in 
this  process  at  least  37  per  cent,  of  the  chlorine  comes  back  as 
HCI^  and  that  the  drying  of  MgCl^  in  HCl  gas  must  be  a  costly 
and  troublesome  operation. 

Schlosing's  process  was  to  be  carried  out  by  Messrs.  Bell  Bros, 
at  Middlesborough,  but  nothing  more  has  been  published  about  it. 
Probably  nothing  has  come  o£  it,  for  Schlosing  in  1891  took  out 
fresh  patents  (Nos.  11469  and  11470)  for  a  new  furnace,  with  a 
detailed  description  of  the  process,  which  does  not  seem  to 
have  been  carried  out  as  yet.  The  solution  of  MgCl2  is  to  be 
boiled  down  in  circular  flat-bottomed  iron  pans  with  mechanical 
agitators  by  means  of  gaseous  fuel,  until  it  has  turned  granular ; 
the  heating  is  to  be  continued  in  three  superposed  cast-iron 
cylinders  to  a  dark-red  heat,  passing  HCl  through  in  the  above 
described  manner,  the  mass  being  gradually  moved  from  one  end 
of  the  retort  to  the  other.  Here  it  is  turned  into  white  anhydrous 
MgCl2>  which  is  now  charged  into  horizontal  gas-retorts,  in 
which  perforated  plates  are  placed  a  little  above  the  bottom.  The 
MgCls  is  placed  upon  these  in  a  layer  of  8  inches  thickness ;  air^ 
heated  to  a  dark-red  heat,  is  introduced  in  the  top  of  the  retort, 
and  the  chlorine  formed,  which,  owing  to  its  specific  gravity, 
sinks  to  the  bottom,  is  carried  away  from  underneath  the  false 
bottom. 

The  most  important  attempts  at  producing  chlorine  (and 
hydrochloric  acid)  at  Stassfurt  have  been  made  by  the  Salz- 
bergwerk  Neu-Stassfurt.  They  seem  to  have  been  so  far  sue- 
ceasful  that  a  certain,  but  not  a  large^  quantity  of  those  bodies 
is  really  manufactured  there.    Owing  to  the  great  secrecy  with 
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nhich  this  is  treated,  we  must  simply  refer  to  the  patents.  These 
caQ  be  mentioned  only  very  briefly,  as  they  contain  descriptions 
of  a  host  of  furnaces^  most  of  which  could  not  have  answered  their 
purpose.  Evidently  no  new  principle  comes  into  play;  the 
reactions 

MgCU  +  HjO = MgO  +  2  HCl     and     MgCl,  +  O = MgO  +  CI, 

are  always  employed,  and  the  task  can  only  be  that  of  devising 
and  testing  more  perfect  technical  means  for  carrying  them  out 
on  a  large  scale. 

The  first  of  the  German  patents  of  the  above-named  firm 
(No.  36673)  describes  reverberatory  furnaces  with  an  inclined 
hearth,  also  in  connection  with  kilns.  No.  46215  describes 
muffle- furnaces,  several  of  which  are  superposed,  but  can  be 
worked  independently.  No.  47043  shows  a  muffle-furnace  from 
which  the  MgCl,  falls  into  an  upright  retort,  where  the  mass 
is  withdrawn  at  the  bottom.  The  top  of  the  muffles  is  built 
Up  in  a  peculiar  way  with  tubular  bricks,  through  which  the 
heating  gases  pass.  No.  54830  shows  hearths,  arranged  in  tiers, 
so  as  to  keep  the  less  decomposed  mass  separate  from  that 
which  is  further  advanced.  No.  51209  describes  retorts  made  of 
fire-bricks.  No.  55461  prescribes  cooling  the  hot  acid  gases  by 
salts  containing  water  of  crystallization,  which  in  fusing  absorb 
heat  like  the  chlorides  of  calcium,  magnesium,  or  strontium. 

A  notice  in  Chera.  Tnd.  1892,  p.  468,  states  that  one  of  the 
Stassfurt  works  where  magnesium  chloride  was  decomposed  had 
relinquished  the  process ;  the  other  factory  did  not  make  chlorine, 
but  hydrochloric  acid,  which  was  worked  up  by  the  Weldon  process. 

y.  Chlorine  from  Ammonium  Chloride. 

In  the  ammonia-soda  manufacture  all  the  chlorine  of  the  sodium 
chloride  converted  into  carbonate  is  changed  into  ammonium 
chloride,  from  which  the  ammonia  up  to  this  day  is  expelled  by 
lime.  Since  this  transforms  the  chlorine  into  the  chemically  fixed 
form  of  calcium  chloride,  and  since  the  attempts  at  liberating  the 
chlorine  from  this,  or,  by  substituting  magnesia  for  lime,  from 
magnesium  chloride,  have  hitherto  been  economically  unsuccessful, 
it  is  easy  to  understand  why  attempts  have  been  made  to  treat 
the  ammonium-chloride  liquors  in  a  different  manner,  with  the 
object  of  utilizing  the  chlorine. 
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In  all  cases  the  mother  liquors  of  the  ammouia-soda  manu- 
facture are  first  deprived  of  volatile  ammonium  compounds  by 
systematic  heating  (p.  106).  They  then  contain,  besides  NH4CI, 
large  quantities  of  sodium  chloride.  This  must  be  separated  as 
completely  as  possible^  which  can  be  effected  during  the  boiling- 
down  of  the  liquor,  as  the  NaCl  becomes  insoluble  in  the  concen- 
trated solution  and  can  be  removed  by  fishing.  Some  inventors 
assert  that  the  value  of  the  common  salt  thus  recovered  pays  the 
cost  of  evaporating  the  liquor;  but  this  does  not  apply  to  the 
majority  of  localities  where  ammonia-soda  is  made,  since  there 
the  salt,  in  the  form  of  concentrated  brine,  has  next  to  no  value, 
and  even  in  the  solid  state  its  value  is  very  small. 

In  Mond^s  process  of  decomposing  the  ammonium-chloride 
vapour  by  magnesia,  to  be  described  later  on,  the  separation  of 
NH4CI  from  the  liquor  freed  from  NaClj  is  to  be  effected  by 
freezing-out  by  the  aid  of  an  ice-machine.  According  to  Quincke 
(Chem.  Ind.  1893,  p.  11),  the  temperature  must  be  considerably 
below  QPj  and  the  crystallized  ammonium  chloride  contains  much 
ammonium  bicarbonate^  sodium  chloride,  and  sodium  bicarbonate, 
which,  however,  will  not  do  much  harm  during  the  further  treat- 
ment.    The  subsequent  drying  will  not  cause  much  diflSciilty. 

Schreib  (Chem.  Zeit.  1894,  p.  1952)  points  out  that  as  early  as 
1885  he  had  patented  the  first  part  of  Mond's  process,  consisting 
in  the  freezing-out  of  the  ammonium  chloride  from  such  liquors. 
The  point  in  question  is  not  merely  the  production  of  cold,  but  to 
a  great  extent  also  the  displacing  of  the  NH4Ci  from  its  solution 
by  NaCl,  so  that  the  cooling  need  not  go  below  +4^.  The 
liquor,  filtered  from  the  ammonium  chloride,  and  containing  about 
23  per  cent.  NaCl  and  6  per  cent.  NH^Cl^  can  be  reintroduced  at 
once  into  the  carbonating  process.  This  saves  both  common  salt 
and  the  distillation  of  large  quantities  of  liquor. 

We  have  already  (p.  128)  mentioned  the  processes  of  Mond, 
Gilloteaux,  and  Witt,  all  of  which  proposed  to  expel  the  chlorine 
from  the  NH4CI  liquor  in  the  shape  of  HCl,  but  without  much 
practical  success.  Here  we  only  treat  of  the  processes  by  which 
the  chlorine  is  to  be  obtained  from  the  ammonium  chloride  in  the 
free  state.  An  indispensable  condition  for  every  process  intended 
for  this  object  is  the  complete  recovery  of  the  ammonia,  the 
value  of  which  far  exceeds  that  of  the  chlorine,  to  the  same  extent 
as  in  the  ordinary  lime  process. 

VOL.  III.  2  R 


610  THE  CHLORINE  INDUSTRY^ 

Bale  (Engl.  pat.  14001,  1887)  heats  ammonium  chloride,  mixed 
with  manganese  oxide,  Mn304^  in  a  retort.  At  130°  the  ammonia 
begins  to  escape^  and  at  325°  has  all  volatilized.  The  heating  is 
continued  for  some  time  below  350°,  passing  an  indifferent  gas 
over  the  mass,  to  expel  all  moisture.  Then  the  temperature  is 
raised  to  400°,  and  dry  hot  air  is  passed  through  the  retort,  pro- 
ducing a  gas  with  from  9  to  12  per  cent,  by  volume  of  chlorine. 
The  residue,  after  yielding  up  its  chlorine,  is  again  mixed  with 
ammonium  chloride  and  re-utilized.  If  the  ammonium  chloride 
contains  sodium  chloride,  this  must  be  removed  from  the  residue 
by  washing  from  time  to  time.  According  to  a  new  patent 
(No.  15649,  1889)  Bale  suspends  powdered  manganese  oxide  in 
fused  zinc  chloride  and  introduces  ammonium  chloride  ;  after  the 
NHs  has  escaped,  the  last  of  it  being  driven  out  by  cold  dry  air, 
the  MnClj  formed  is  to  be  decomposed  by  dry  hot  air  into 
regenerated  manganese  oxide  and  chlorine,  thus  obtaining  a  gas 
which  contains  from  12  to  20  per  cent,  chlorine. 

The  Yerein  fiir  chemische  Industrie  at  Mainz  (Engl.  pat.  3322, 
1886)  passes  the  vapours  of  ammonium  chloride  over  any  one  of 
the  oxides  of  manganese  at  a  temperature  below  red  heat.  When 
employing  MnO  the  reaction  is  : — 

MnO  +  2  NH4CI = MnCl,  +  2NH8  +  H,0. 

If  now  hot  air  is  passed  over  the  residue,  MnO  and  chlorine  is 
obtained : — 

MnCljj  +  OrrMnO  +  Clj. 

The  most  persistent  efforts  for  the  direct  manufacture  of  chlorine 
from  ammonium  chloride  have  been  made  by  Mond^  whose  first 
patents  are :— Nos.  65,  66,  1049,  3238,  and  8308,  all  of  1886 ; 
comp.  p.  564.  Ammonium-chloride  vapour  is  brought  into  contact 
with  oxide  of  nickel  (or  oxides  of  many  other  metals,  which,  however, 
are  inferior  in  this  repect  to  nickel,  or  salts  of  those  metals  with 
non-volatile  acids  like  silica,  phosphoric  acid,  &c.)  at  a  temperature 
of  400°  C.  The  chlorine  is  retained,  steam  and  ammonia  are  carried 
further,  and  the  latter  is  condensed  in  the  usual  manner.  The 
reaction  is: — 

NiO  +  2NH8+2HCl=NiCl8  +  H,0  +  2NH,. 

In  order  to  completely  expel  the  ammonia,  a  chemically  inert  gas, 
e.g.  producer-gas,  or  the  exit-gas  from  the  ammonia-soda  process 
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^principally  consisting  of  nitrogen)^  is  drawn  through  the  apparatus 
'by  means  of  a  vacuum-pump.  If  the-  chloride  thus  formed  is 
exposed  to  the  action  of  steam,  heated  to  450^^  NiO  is  re-formed 
-and  the  chlorine  expelled  as  HCl.  If^  however^  instead  of  steam, 
^ry  air  heated  to  500^  is  forced  through,  free  chlorine  is  formed : — 

NiCl2+0=NiO  +  CV 

In  both  cases  the  oxide  of  nickel  is  regenerated,  and  the  process 
<!an  be  at  once  started  again  with  fresh  NH4CI  vapour.  The  NiO 
therefore  remains  always  in  the  same  place.  It  is  employed  in  the 
shape  of  pumice,  impregnated  with  NiClj,  and  then  ignited,  or  in 
Ihe  shape  of  lumps,  moulded  by  means  of  cementing  substances, 
with  addition  of  sawdust,  and  converted  into  a  porous  mass  by 
igniting.  This  contact-substance  is  placed  in  iron  retorts,  lined 
with  thin  fire-bricks,  a  number  of  which  are  set  in  a  furnace  at  an 
single  of  30°.  During  the  first  stage,  when  the  vapour  of  NH^Cl 
passes  through,  the  heat  is  kept  at  400°,  during  the  second,  when 
Air  passes  through,  at  from  500°  to  550°.  The  air  is  previously 
well  dried  by  sulphuric  acid  or  chloride  of  calcium,  and  is  then 
lieated  to  500°  in  a  hot-blast  stove.  By  this  process  a  gas  with 
5  to  7  per  cent,  chlorine  by  volume  is  obtained. 

As  iron  is  attacked  by  the  vapours  and  gases,  it  is  preferable  to 
employ  iron  enamelled  inside  or  lined  with  clay,  graphite,  gypsum, 
or  barytes,  or  to  place  a  thin  fire-clay  retort  within  the  iron  retort, 
filing  up  the  intermediate  space  with  iron  filings,  or  to  employ 
iron  coated  inside  with  nickel,  and  so  forth. 

At  first  Mond  mentioned  a  process  in  which  the  retorts  are  filled 
lialf  with  nickel  oxide,  half  with  solid  ammonium  chloride,  the 
latter  being  volatilized  in  the  retort  itself.  But  he  seems  soon  to 
have  resorted  to  generating  the  NH4CI  vapour  in  a  special  vessel, 
and  only  then  passing  it  through  the  NiO.  The  volatilization  of 
ammonium  chloride  on  a  large  scale  is  rather  difScult,  because  the 
substance  does  not  melt ;  the  vapours  surround  the  solid  particles 
.and  do  not  allow  the  heat  to  penetrate  from  without.  To  obviate 
this  drawback,  patent  No.  10955, 1887,  prescribes  introducing  the 
«olid  ammonium  chloride  gradually  into  a  bath  of  fused  chloride 
of  zinc,  which  is  placed  in  a  cast-iron  pan,  lined  with  earthenware, 
or  in  a  nickel  pot;  or  the  volatilization  is  to  take  place  in  a 
vacuum,  or  in  a  current  of  inert  gas,  which  lessens  the  tension  of 
:the  NH4CI  vapour.     Further,  as  the  contact-substance,  after  the 
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NHs  is  expelled^  obstinately  retains  water^  which  acts  injuriously 
at  the  next  stage,  the  treatment  with  inert  gases  is  to  be  continued 
after  the  expulsion  of  the  ammonia^  as  long  as  HCl  escapes^  which 
is  conveyed  into  a  condensing-apparatus.  The  gases  obtained 
later  on  by  treatment  with  hot  air^  which  always  contain  some 
HCl  along  with  the  chlorine^  are  passed  through  metallic  oxides, 
which  are  kept  between  100°  and  500°,  and  which  retain  all  the 
HCl,  but  no  chlorine.  When  afterwards  treated  with  hot  air,  they 
equally  yield  up  the  chlorine  in  the  free  state.  It  is  convenient 
to  employ  three  superposed  retorts  :  in  the  top  retort  the  material 
is  brought  into  contact  with  the  gases  which  are  formed  in  the 
bottom  retort  by  contact  with  the  air,  and  which  at  the  top  give 
up  their  HCl  and  yield  pure  chlorine.  From  the  top  retort  the 
mass  is  moved  down  to  the  middle  one,  where  it  is  treated  with 
NH4CI  vapour;  and  at  last  down  to  the  bottom  retort,  where  it  is 
treated  with  air. 

Evidently  the  nickel-oxide  process  did  not  answer  in  working  it 
out,  for  Mond  returned  to  magnesia,  which  had  been  employed  by 
so  many  previous  inventors.  It  is  already  mentioned  in  his  former 
patents  as  a  contact-substance,  but  is  there  declared  to  be  inferior 
to  nickel  oxide.  Here  the  drawback  is  encountered  that  the  mag- 
nesium chloride  or  oxychloride,  left  after  expelling  the  NHj, 
retains  a  good  deal  of  water,  which  in  the  subsequent  treatment 
with  hot  air  re-converts  from  20  to  40  per  cent,  of  the  CI  into 
HCl.  A  better  solution  of  this  difficulty  than  by  patent  No.  10955, 
of  1887,  seems  to  have  been  found  in  that  taken  out  by  Mond  and 
Eschellmann,  No.  17273,  1887.  To  the  finely  ground  magnesia 
from  5  to  10  per  cent,  sodium  or  potassium  chloride  is  added  and 
the  mixture  is  worked  into  a  paste,  with  addition  of  from  5  to  10 
per  cent,  china-clay ;  the  mass  is  moulded  into  bricks  or  lumps 
and  dried.  It  is  then  exposed  to  the  NH4CI  vapours  in  a 
Deacon  apparatus  at  a  temperature  of  400° :  as  soon  as  small 
quantities  of  NH4CI  pass  through  undeeomposed,  the  supply  of 
vapour  is  cut  off;  there  is  then  no  water  left  in  the  mass.  If 
now  dry  air  is  passed  through  at  between  450°  and  500®,  chlorine 
almost  free  from  HCl  is  obtained.  The  alkaline  chloride  remains 
unchanged,  and  the  mass  can  continually  serve  over  again. 
When  employing  hydrochloric  acid,  its  vapour  mixed  with  air  in 
the  same  proportion  as  in  the  Deacon  process  may  be  passed 
through  at  between  450°  and  550°,  and  a  continuous  manufacture 
of  chlorime  may  be  thus  established. 
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Mond's  patent  No.  10957,  1887,  describes  an  apparatus,  pro- 
T)ably  intended  for  the  above  purpose,  but  generally  applicable  to 
the  treatment  of  solid  substances  with  gases,  or  even  to  the  roast- 
ing of  pyrites  and  similar  purposes.  The  substance  is  employed 
in  thin  layers,  is  constantly  turned  over  and  is  exposed  to  the 
•current  of  gases  coming  from  the  opposite  direction.  Bevolving 
cylinders  do  not  fulfil  this  object  completely,  because  the  gas  passes 
through  them  in  a  compact  mass,  and  the  contact  with  the  solid 
43ubstance  is  not  sufficiently  intimate.  This  is  better  effected  by 
the  apparatus  shown  in  figs.  186  to  189.  Fig.  186  is  a  longitudinal 
flection,  fig.  187  a  cross-section  through  x-x,  fig.  188  a  cross- 
section  through  y-y,  fig.  189  a  view  from  behind.  The  two 
concentric  cylinders,  A  and  B,  enclose  an  annular  space  C.  They 
are  both  rotated  by  the  spur-wheel  D^,  fixed  on  A,  which  rests 
on  the  rollers  D^.  The  solid  substance  enters  in  the  annular 
space  at  E  and  leaves  by  E^  by  means  of  the  conveying-screws 
e  and  e^,  moved  by  the  pulleys  d.  The  gas  enters  in  the 
opposite  direction  into  F  by  the  hollow  shaft  ^  and  leaves  at  F^ 
by  the  hollow  shaft  «*,  as  indicated  by  the  arrows ;  the  stuffing- 
boxes  G  G^  provide  the  necessary  seclusion  from  the  outer  air.  In 
order  to  lengthen  the  passage  of  the  gas,  the  screw-flange  H  is 
fixed  on  the  outer  cylinder  A  ;  the  turning  over  of  the  solid  sub- 
stance is  effected  by  the  ribs  or  buckets  I,  running  parallel  with 
ihe  axis,  which  always  lift  the  mass  a  little  and  drop  it  again. 
Similar  ribs  J  are  attached  to  the  inner  cylinder  ;  the  substance 
lifted  up  by  I  first  falls  on  to  J,  is  carried  over  to  the  other  side 
of  the  cylinder  and  there  falls  on  to  the  outer  cylinder.  The  inner 
cylinder  is  tightly  closed  by  cover  4.  The  outer  cylinder  projects 
at  both  ends  beyond  it  and  beyond  the  furnace.  In  the  exit  end 
the  radial  ribs  e^  are  fixed  inside  and  drop  the  substance  into 
the  discharging  arrangement  ^  (fig.  186).  The  apparatus  is 
mounted  horizontally  or  slightly  inclined. 

A  further  patent.  No.  2160,  1889,  prescribes  lining  the  vessels 
in  which  the  ammonium  chloride  is  volatilized  with  antimony^  or 
an  alloy  containing  much  antimony,  which  effectually  resists  those 
vapours  and  is  much  cheaper  than  cobalt  or  nickel ;  there  are  also 
no  vapours  of  metallic  chlorides  formed  in  this  case.  To  obviate 
ihe  drawback  caused  by  the  low  fusing-point  of  antimony  and  its 
alloys,  the  evaporating-vessel  is  to  be  filled  with  a  bath  of  melted 
•chloride  of  zinc,  reaching  above  the  fire  line,  the  upper  portion  of 
ihe  vessel  being  cooled  below  the  melting  temperature  of  antimony^ 
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but  kept  safficiently  hot  to  prevent  aoy  solid  NH,C1  from  deposit- 
ing there.  A  temperature  of  350°  is  suitable  for  this  purpose. 
This  apparatus  is  shown  iu  fig.  190  (p.  616). 


A  somewhat  definite  idea  of  the  process,  arrived  at  after  several 
years'  experiments,  seems  to  be  contained  in  patent  No.  2575, 
1889,  which  describes  the  apparatus  as  foUovB : — ^The  vapour  of 
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ammonium  chloride^  produced  by  a  bath  of  zinc  chloride  in  the 
above-described  cast-iron  pan,  lined  with  antimony^  is  conveyed 
by  cast-iron  conduits^  lined  with  antimony  or  fireclay  tiles,  kept 
at  350^^  into  vertical  cylinders^  filled  with  the  contact-substance. 
The  latter  is  composed  of  magnesia^  with  addition  of  alkaline 
chlorides  (p.  612) ,  china-clay,  and  a  little  lime  or  calcium  chloride. 
The  magnesia  should  not  be  too  dense ;  it  is  preferable  when  it 
has  been  precipitated  by  lime  from  a  solution  of  MgCl^,  washed^ 
filter-pressed^  and  dried  at  a  moderate  heat.  100  parts  of  it  are 
mixed  with  75  of  china-clay  and  6  quicklime^  the  mixture  is 
ground  up  and  mixed  with  a  solution  of  potassium  chloride  of 
spec.  grav.  1*085  to  I'OOO  into  a  thin  paste.  This  is  moulded  by 
mechanical  means  into  pellets  of  about  ^-inch  diameter^  which  are 
dried  and  ignited  at  a  dark-red  heat.  The  drying  is  performed  on 
a  endless  band  passing  through  a  hot  flue ;  the  igniting  takes  place 
in  a  vertical  iron  retort  continuously  worked.  Thus  very  hard 
pellets  are  obtained  which  stand  the  alternate  chlorination  and 
oxidation  for  a  long  time. 

These  pellets  are  piled  up  6  to  8  feet  high  in  cylinders,  where 
they  rest  on  a  layer  of  coarser  material.  The  cylinders  consist  of 
brickwork,  with  a  mortar  of  barytes  and  silicate-of-soda  solution. 
They  have  very  thick  walls,  consisting  of  several  brick  rings, 
separated  by  bad  conductors  of  heat  (for  instance,  anhydrous 
magnesia)  and  encased  in  an  iron  shell.  They  can  be  heated  from 
without  in  case  of  need.  At  the  top  they  have  inlet  pipes,  closed 
by  nickel  or  stoneware  valves.  One  of  these  serves  for  intro- 
ducing the  ammonium-chloride  vapour;  others  for  hot  or  cold 
inert  gas,  for  hot  or  cold  air,  superheated  steam,  &;c.  A  little  above 
the  bottom  are  the  outlets  for  the  various  gases. 

Before  introducing  the  NH4CI  vapour,  a  current  of  hot  inert 
gases  is  passed  through,  in  order  to  heat  the  pellets  up  to  350^. 
Then  this  gas  is  shut  off  and  ammonium-chloride  vapour  is 
allowed  to  enter;  the  ammonia  now  escapes  below  and  is  con- 
ducted into  an  absorbing-apparatus.  When  sufficient  vapour  of 
NH4CI  has  passed  through,  it  is  shut  off  and  inert  gas,  heated  to 
600^  or  550^,  is  admitted,  which  sweeps  out  the  ammonia  and  is 
equally  conveyed  to  the  absorbing-apparatus.  When  no  more  NH^ 
is  found  in  the  gases,  HCl  appears  in  its  stead,  and  the  gas  is  then 
directed  into  another  absorbing-apparatus.  When  no  more  HCl 
is  evolved,  the  pellets  will  have  attained  600^  or  660^ ;  at  all  events 
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they  mast  be  brougbt  up  to  that  temperature  by  passtDg  hot  inert 
gases  through.  These  gases  should  be  as  free  as  possible  from 
oxygen  and  steam,  lest  they  should  themselves  act  on  the  MgClg. 


The  best  gases  for  this  purpose  are  good  lime-kiln  gases,  or  those 
escaping  at  the  top  of  the  carbonatirg  towers  of  the  ammonia-soda 
works,  after  careful  drying  by  sulphuric  acid. 

When  the  proper  temperature  has  been  reached  the  inert  gaa  is 
shot  off  and  a  current  of  air  is  introduced,  previously  dried  by 
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.Aolphoric  acid  and  heated  by  a  Cowper'a  hot-blaat  atove  to  from 
«00°  to  1000°  C. ;  this  quickly  decompoBCB  the  MgCl,.  At  the 
■bottom  a  gas  escapes,  containing  from  7  to  10  per  cent.  CI,  and 

Rg.  191. 


practically  free  from  HCl,  if  the  operation  has  been  carefully  con- 
dncted,  so  that  it  can  be  directly  conveyed  into  a  Deacon's  bleaeh- 
ing-powder  chamber  (p.  404).  Eventaally  the  gas  becomes  too 
poor  in  chlorine ;  it  is  then  conveyed  again  into  a  Cowper  stove, 
heated  to  800^  or  1000°,  and  passed  through  another  cylinder 
chalked  with  MgClj. 

After  driving  out  the  chlorine,  a  current  of  cold  air  or  inert  gas 
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is  passed  through  to  reduce  the  temperature  to  400°.  The  air, 
which  takes  up  some  heat  here^  is  further  heated  in  a  Cowper 
stove  and  employed  as  above.  When  the  temperature  is  lowered, 
fresh  NH4CI  vapour  is  introduced,  and  so  forth. 

Figs.  190  and  191  show  the  apparatus  in  two  sections  (fig.  191 
along  the  line  YZ  in  fig.  190).  A  is  the  apparatus  mentioned 
above  (p.  613)^  filled  with  zinc  chloride,  for  volatilizing  the 
ammonium  chloride ;  it  consists  of  a  cast-iron  pan  with  an  anti- 
mony lining  a.  The  zinc-chloride  bath  a'  reaches  up  to  the 
annular  brick-wall  d,  which  supports  the  sides  and  keeps  back  the 
fuel-gas.  The  solid  ammonium  chloride  is  introduced  through  B, 
by  means  of  valve  b.  C  is  an  outlet-pipe,  D  brick  supports,  d  side 
stays,  E  inlet-pipe  for  air,  for  cooling  the  upper  space, /flues  for 
the  fuel-gas,  G  the  connexion  with  the  decomposer  H,  with  valves 
g  and  y.  If  y  stands  low  and  g  high,  A  is  connected  with  the 
atmosphere;  if  ^  occupies  the  low  and  ^  the  high  position,  H 
communicates  with  the  atmosphere.  H  is  the  decomposer  filled 
with  magnesia  pellets;  I  the  manhole  for  introducing  the  pellets; 
J  exit  for  chlorine;  P  exit  for  ammonia;  K  inlet  for  air  or  inert 
gases;  L  inlet  for  producer-gas,  intended  for  heating-up;  M  inlet 
for  air ;  N  manholes. 

If,  instead  of  chlorine,  hydrochloric  acid  is  to  be  produced,  the 
hot  air  is  replaced  by  superheated  steam. 

Patent  No.  19812, 1892,  prescribes  purifying  the  ammoniacal  gas 
from  NH4CI  by  washing  with  hot  water  or  milk  of  lime,  and  the 
chlorine  from  HCl  by  washing  with  calcium-chloride  solution. 
The  mode  in  which  the  solution  of  NH4CI  and  that  of  HCl  in 
CaCls  are  utilized  is  well  known. 

A  writer  in  Chem.  Ind.  1892,  p.  466,  points  out  the  difficulties 
involved  by  Mond^s  process :  Freezing-out  the  ammonium  chloride  f 
complete  drying  of  the  same;  complete  drying  of  the  air;  the  action 
on  the  vessels;  the  dilution  of  the  chlorine;  the  action  of  the  HCl 
on  the  apparatus;  the  great  consumption  of  fuel  for  heating  the 
decomposer  at  widely  difierent  temperatures ;  the  small  durability 
of  the  magnesia  pellets ;  the  greater  cost  of  CO3  in  comparison 
with  the  ammonia-soda  process,  as  the  lime  cannot  be  utilized 
in  loco;  greater  losses  of  ammonia;  high  wages  and  frequent 
repairs. 

Quincke  {eod,  loco,  1893,  p.  10)  objects  to  ,some  details  of  this 
criticism,  but  he  himself  draws  attention  to  the  following  points : — 
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Very  great  consumption  of  fuel;  difficulty  of  exactly  regulating  the 
temperature  and  keeping  the  various  gas-conduits  tight;  great  cost 
of  plant  and  repairs ;  necessity  of  frequently  renewing  the  zinc 
chloride  and  the  magnesia  pellets.  His  final  judgment  is  also  that 
the  process  cannot  pay  for  plant  and  working  expenses^  although 
at  that  time  6  tons  of  bleaching- powder  per  24  hours  were  said  to 
be  manufactured  at  Winnington. 

A  reply  in  Chem.  Ind.  1893^  p.  63^  still  further  elucidates  the 
drawbacks  of  the  process.  This  seems  to  be  contradicted  by 
Hasenclever's  statement  {ibid.  p.  372),  according  to  which  the 
daily  production  had  increased  to  15  tons  bleaching-powder  about 
the  end  of  1893.  But  this  gives  us  no  clue  to  the  real  cost  of 
that  bleaching-powder. 

The  thermochemical  data  of  Mond^s  process  are  calculated  by 
Townsend  (Engineering,  March  24,  1893)  as  follows: — ^The 
solution  of  ammonium  chloride  from  the  ammonia-soda  process 
contains  20  per  cent.  NN^Cl;  hence  four  times  its  weight  of 
water  must  be  evaporated.  (Instead  of  evaporation,  Mond  freezes 
out  the  NH4CI,  but  this  will  hardly  cost  less,  looking  at  the 
unavoidable  losses.)  The  NH4CI  must  now  be  dried,  volatilized, 
and  heated  to  350^.  This  requires  theoretically  for  a  kilogram 
equivalent : — 

Calories.^ 

Evaporating  58-5  x4H30(53-5x 4x537)     114,918 

Decomposing  53-5  NH4CI 41,900 

Heating  17 NHj  from  100° to  850°  (17 x 05084 x 250) . . .  2,160 
Heating  36-5  HCl  from  100°  to  350°  (36*5  x  0194  x  250)      1,770 


160,748 
Deduct  for  the  solidification  of  N  H4CI    3,880 


156,868 


On  the  (practically  quite  impossible)  supposition  that  all  the 
chlorine  is  converted  into  the  free  state,  71  CI  is  obtained  to 
40MgO;  160  come  into  action,  and  18HsO  is  formed.  Hence 
16  0=80  air  must  be  heated  to  1000°.  This  requires  the  following: 
amounts  of  heat : — 
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Calories. 

80  kil.  air  heated  to  1000°  (80  x  0-2375  x  1000) 19,000 

40  „    MgO  „    from  350°  to  1000°  (40  x  0-244  x  650) . . .  6,344 

Heat  absorbed  by  the  substances  mixed  with  MgO 5,000 

85-5  X  2  CI  heated  from  350°  to  1000°  (71  xO-12x650)...  5,538 

18  steam  heated  from  350°  to  100Q*\18  x  0-48  x  650)  . . .  5,600 


41.482 


This  total  refers  to  CI2;  hence  half  of  it,  =20,741  calories, 
must  be  added  to  the  above,  which  brings  it  up  to  177,609 
<;alorie8  for  the  kilogram  equivalent  of  chlorine.  This  should  be 
<;ontrasted  with  the  Deacon  process,  which  gives  a  theoretical 
surplus  of  heat  in  the  chemical  reaction  (p.  378),  and  where  the 
heating  only  rises  to  500°. 

Bale  (Joum.  Soc.  Chem.  Ind.  1894,  p.  200)  mixes  dry,  powdered 
ammonium  chloride  with  magnesia,  and  first,  by  heating  from 
without  to  200°  C,  drives  out  air  the  NHs;  then,  by  means  of 
superheated  steam  at  450**  to  500°,  all  the  HCl  from  the  MgCl^. 
The  residue  is  used  in  the  same  apparatus  for  decomposing  NH4CI. 
The  apparatus  consists  of  several  superposed  retorts,  in  the  shape 
of  shallow  cylinders  with  internal  agitating-gear.  Two-thirds  of 
the  ammonium  chloride  are  introduced  in  a  dry  state,  in  a  thin 
layer,  the  last  third  is  run  in  as  a  concentrated  solution,  which 
forms  lumps  with  the  dry  mass.  The  escaping  HCl  gas  is  dried 
by  strong  sulphuric  acid,  heated  up  in  a  Cowper  stove,  and  passed 
through  manganese  oxide  contained  in  a  Deacon  decomposer, 
where  i  of  the  HCl  is  evolved  as  undiluted  chlorine;  the  MnCl^ 
formed  yields  the  other  |  chlorine  in  a  dilute  state  to  a  current  of 
dry  hot  air,  and  is  reconverted  into  MnjOs. 

Greenwood  (Engl.  pat.  11655,  1894)  treats  the  solution  of 
ammonium  chloride  with  oxide  of  zinc,  distils  the  ammonia 
o£f,  and  decomposes  the  zinc  chloride  by  electrolysis  into  free 
<;hlorine  and  free  zinc.  The  ZnO  is  to  be  obtained  from  calamine 
by  roasting,  and  the  CO2  then  given  off  is  to  be  employed  in  the 
ammonia-soda  process. 


FOURTH    BOOK. 


PKEPARATION  OF  ALKALIS,  CHLORINE,  AND 
CHLOEATES  BY  ELECTROLYSIS. 


CHAPTEK  XXIV. 

HISTOEY  ;  THEORIES ;   GENERAL  NOTES. 

In  1800  Cruikshank  noticed  that^  on  electrolyzing  a  solution  of 
common  salt,  caustic  soda  ^as  formed  at  the  negative  pole.  In 
1803  Berzelius  and  Hisinger  confirmed  this  observation.  About 
the  same  time  Davy  recognized  that  during  the  electrolysis  of 
potassium  sulphate,  caustic  potash  is  formed  at  the  negative,  and 
sulphuric  acid  at  the  positive  pole. 

A  long  time  elapsed  before  these  observations  were  utilized  in 
the  actual  manufacture  of  chemicals.  In  the  first  edition  of  this 
work,  published  in  1880,  altogether  15  lines  are  devoted  to 
the  electrolytic  manufacture  of  alkali,  concluding  as  follows : — 
^^  Such  processes  could  in  any  case  only  become  useful  if  the 
electricity  required  for  decomposing  a  molecule  of  common  salt 
could  be  generated  with  the  expenditure  of  less  coal  than  we 
require  in  the  ordinary  process,  which  undoubtedly  is  not  the  case.^' 

It  will  hardly  be  denied  that  this  remark  was  perfectly  justified 
at  that  time,  as  well  as  the  brief  treatment  of  the  matter.  As  late 
as  1888  Dr.  Hurter  occupied  practically  the  same  standpoint 
(Joum.  Soc.  Chem.  Ind.  1888,  pp.  722  to  725).  At  this  day,  how- 
ever, the  state  of  the  case  is  widely  different,  and  we  must,  in  a 
Treatise  on  the  Manufacture  of  Alkali  and  Chlorine,  devote  con-* 
siderable  space  to  electrolysis. 
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The  electrolytic  processes  occupy  a  peculiar  position  in  the 
alkali  industry.  In  most  other  cases  alkali  occupies  the  most 
prominent  place.  The  ammonia-soda  process  is  practically  to 
this  day  exclusively  a  process  for  the  manufacture  of  soda.  This 
was  equally  the  case  with  the  Leblanc  process  in  its  infancy ;  as 
late  as  1880  there  were  factories  in  England  and  France  where 
the  hydrochloric  acid  formed  in  the  manufacture  of  saltcake  was 
almost  entirely  lost,  either  in  the  shape  of  gas  or  in  that  of  a 
very  dilute  liquid.  The  pressure  of  competition  has  certainly  put 
an  end  to  such  culpable  waste,  and  consequently  the  hydrochloric 
acid,  or  the  bleaching-powder  manufactured  from  it,  sometimes 
plays  a  more  important  financial  part  in  the  Leblanc  process 
than  the  soda  itself ;  but,  quantitatively,  in  that  process  the  soda 
is  still  the  chief  factor,  whether  it  is  sold  as  soda-ash  or  as 
caustic.  Up  to  a  short  time  ago  the  Leblanc  works  produced  two 
or  three  tons  of  soda-ash,  or  its  equivalent  of  caustic,  for  every 
ton  of  bleaching-powder  producible  from  the  whole  of  the  hydro- 
chloric acid  generated.  Since  the  Deacon  process  has  been  com- 
pletely worked  out,  the  yield  of  bleaching-powder  has  certainly 
been  largely  increased,  and  a  number  of  new  processes  (none  of 
which  has  been  permanently  introduced  on  a  large  scale)  promise 
even  more  than  the  above.  Nevertheless,  the  last  statistics 
obtainable  on  that  point  in  England  (unfortunately  since  1887  no 
statistics  as  to  the  actual  manufacture  of  alkali  and  bleaching- 
powder  have  been  published)  show  that  for  each  ton  of  bleaching- 
powder  (including  its  equivalent  of  chlorate  of  potash)  there  was 
produced  a  quantity  of  alkali  equivalent  to  three  tons  of  soda-ash, 
or  to  2^  tons  of  60-per-cent.  caustic  soda.  This  is  explained  by 
the  fact  that  the  great  bulk  of  all  bleaching-powder  is  still  made 
by  the  Weldon  process. 

The  case  is  quite  different  with  electrolysis.  Here  58*5  parts 
of  common  salt  are  split  up  into  23  sodium  and  35*5  chlorine. 
Expressing  this  in  terms  of  the  commercial  products,  we  obtain 
for  55  tons  of  the  strongest  soda-ash  or  40  tons  of  the  strongest 
caustic  soda  about  100  tons  of  bleaching-powder.  In  many  cases 
the  aim  of  electrolysis  is  not  to  produce  alkali,  but  bleaching- 
liquor  or  chlorate  of  potash,  the  temporarily  formed  caustic  alkali 
returning  over  and  over  again  into  the  cycle  of  manufacture.  lu 
these  cases  the  electrolysis  is  not  in  any  sense  a  process  for  the 
manufacture  of  alkali ;  but  even  in  those,  more  numerous,  cases 
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tvhere  the  aim  is  to  produce  caustic  or  carbonated  soda^  these 
articles^  although  important  factors  in  respect  of  the  profits  to  be 
realized^  are  certainly  of  only  secondary  importance,  both  financially 
and  quantitatively.  In  electrolysis  the  preparation  of  chlorine 
•can  under  no  circumstances  be  considered  a  mere  adjunct  to  that 
of  alkali^  in  the  sense  in  which  this  was  formerly^  and  to  a  certain 
extent  is  stilly  valid  for  the  Leblanc  process,  but  rather  vice  versd. 
For  this  reason^  and  also  on  account  of  the  intimate  connexion 
between  electrolytic  processes  which  produce  alkali  and  those 
which  do  not,  we  cannot  treat  of  electrolysis  either  among  alkali 
processes  or  among  chlorine  processes,  but  we  must  describe  it  in 
a  separate  section  by  itself. 

We  cannot  of  course  give  here  a  general  treatise  on  electro- 
-chemistry, and  we  must  refer  the  reader  to  the  text-books  of 
physics  and  physical  chemistry,  as  well  as  to  monographic  IfTeatises 
on  this  matter.  It  seems,  however,  appropriate  to  supply  the 
ireader  with  such  data  as  he  will  require  for  practical  work,  and  to 
accompany  these  with  brief  theoretical  explanations.  We  must 
also  briefly  describe  some  important  experimental  researches 
referring  specifically  to  the  electrolysis  of  chlorides. 


Explanation  of  the  Principal  Properties  of  the 

Electric  Current. 

The  nature  of  the  electric  current  is  best  understood  by  com- 
paring it  with  a  current  of  water  conducted  down  hill  in  a  closed 
pipe  with  a  certain  gradient.  The  work  producible  by  this  mass 
of  water  at  the  lower  end  of  the  pipe  will  depend,  first,  upon  the 
quantity  of  molecules  of  water  present;  secondly,  upon  the 
pressure  under  which  they  issue  from  the  pipe,  that  is  upon  the 
;gradients.  We  will  call  the  former,  expressed  in  kilograms,  i,  and 
the  difference  of  level  between  the  upper  and  lower  end  of  the 
pipe,  expressed  in  metres,  e.  If  we  assume  that  we  have  not  a 
«tore  of  water  at  our  disposal,  placed  by  nature  at  the  higher  of 
the  two  levels,  but  that  we  must  raise  its  quantity  of  water  from 
the  lower  to  the  higher  level,  we  must  evidently  expend  a  quantity 

of  work =16^  expressed  in  metre-kilograms,  or=^-»,  expressed  in 


624  ELECTROLYSIS. 

metrical  horse-powers  (an  English  H.P.  is  =1*014  metrical  horse* 
power). 

Evidently  we  shall  not  recover  all  this  work,  expended  upon 
raising  the  water  to  the  higher  level,  on  allowing  it  to  flow  back 
through  the  pipe,  for  we  most  suffer  a  certain  loss  of  enei^ 
through  friction  on  the  walls  of  the  pipe  and  through  the  mutual 
friction  of  the  particles  of  water  against  one  another.  This 
amount  of  energy,  which  we  will  call  w,  is,  of  course,  not 
annihilated^  but  it  is  transformed  into  heat,  which  in  nearly  every 
practical  case  is  lost  for  our  purposes  by  being  radiated  into  space,. 
although  there  is  no  theoretical  impossibility  in  utilizing  that 
heat,  produced  by  friction,  in  special  cases,  where  fuel  is  not 
available.  It  is  clear  without  further  explanation  that  the  loss 
of  energy  by  friction  must  be  in  proportion  to  the  length  of  the 
pipe,  and  must  be  smaller  in  the  case  of  a  pipe  of  larger  diameter. 
It  is  also  evident  that  pipes  of  different  kind,  say  with  smooth  or 
with  rough  internal  surfaces,  must  oppose  quite  different  resistances 
to  the  current,  the  width  of  the  pipe  remaining  the  same.  The 
frictional  resistance  w  must  also  be  much  increased,  if  we  choose 
to  divide  a  certain  sectional  area  of  the  conduit  among  several 
pipes,  instead  of  employing  a  single  larger  pipe. 

The  frictional  resistance  w  will  make  itself  felt  as  follows: — 
In  order  to  produce  the  flow  of  a  certain  quantity  of  water =i  in 
the  unit  of  time  through  the  pipe,  we  must  increase  the  magnitude 
e,  that  is  the  head  of  water,  by  as  much  as  corresponds  to  the 
smaller  or  larger  frictional  resistance.  The  magnitude  i  is 
therefore  directly  proportional  to  c,  and  inversely  proportional 
to  w?:  if  the  difference  of  level  e  is  a  definite  amount,  the 
outflowing  quantity  t  will  be  less  as  the  frictional  resistance  w  is 
greater,  and  i  will  increase  with  an  increase  of  the  difference  of 

level  e. 

These  considerations  allow  us  to  establish  the  following  laws  for 

the  above  hydrodynamic  case : — 

1st.  The  work  required  for  storing  up  a  certain  quantity  of 
energy  is  equal  to  the  product  of  the  quantity  of  water  into  the 
difference  of  level  (the  head  of  water),  or=ie  metre-kilograms. 

2nd.  The  work  producible  by  this  quantity  of  water  stored  at  a 
higher  level,  by  allowing  it  to  flow  downwards  through  a  tube,  is 
directly  proportional  to  i  and  e,  but  inversely  proportional  to  the 
resistance  w. 
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3rd.  The  quantity  of  water  i  arriving  at  the  bottom  is  directly 
proportional  to  the  pressure  e,  and  inversely  proportional  to  the 
resistance  w. 

All  these  considerations  may  be  applied  to  the  electric  currents 

The   quantity  of  water  i  corresponds  to    the  intensity    of  the 

current  1;  the  difference  of  level,  gradient^  or  pressure  e  to  the 

electromotive  force,  the  potential,  or  tension  E;    the  frictional 

resistance  to  to  the  electrical  resistance  W.     We  distinguish  an 

internal  resistance  produced  within  the  generator  of  electricity 

(galvanic  cell  or  dynamo),  and  an  external  resistance,  existing  in 

the  conducting  parts,  the  baths,  &;c.     The  electrical  work  is  also 

equal  to  the  product  from  current-intensity  and  tension,  or  I E; 

The    relations    between    the    above-mentioned   magnitudes    are 

E 
expressed  by  Ohm's  law  :  I=~;  that  is,  the  current-intensity  is 

directly  proportional  to  the  electromotive  force  and  inversely 
proportional  to  the  resistance.  W  is,  of  course,  the  sum  total  of 
the  resistances  within  the  dynamo,  the  conductive  parts,  and 
the  baths. 

It  is  evident  that  the  electric  current,  just  like  a  current  of 
water,  can  be  treated  in  different  ways,  viz.,  either  by  subdividing 
its  quantity  among  various  channels,  that  is,  allowing  the  current- 
intensity  to  act  simultaneously  upon  several  baths;  or  by  not 
utilizing  the  total  gradient  all  at  once,  but  interrupting  this  in 
various  places  and  utilizing  at  the  end  of  each  fraction  that  part 
of  the  total  gradient  which  constitutes  the  difference  of  gradient 
or ''  tension  "  existing  between  each  two  fractions  of  the  gradient; 
or  else  by  producing  both  kinds  of  subdivision  at  the  same  time. 
The  first  method  is  styled  working  mth  parallel  poles ;  the  second^ 
working  in  series. 

Conduction  of  Electricity. — Bodies  which  do  not  offer  any  con- 
siderable resistance  to  the  passage  of  electricity  are  called 
conductors*,  those  which  offer  so  much  resistance  that  the  current 
is  hardly  traceable  are  non-conductors  or  insulators. 

There  are  two  classes  of  conductors.  Conductors  of  the  first 
class  are  those  elementary  substances  which  allow  the  current  to 
pass  through  without  undergoing  any  change:  to  th6se  belong 
the  metals  and  graphite  (plumbago).  The  current  performs  in 
them  work,  manifested  in  the  shape  of  heat,  proportional  to  the 
time,  the  resistance,  and  -the  square  of  the  current-intensity,  that 

VOL.  III.  2  s 
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is^twi*  (Joule's  law).  The  conductors  of  the  second  class,  or 
electrolytes^  are  substances  in  which^  apart  from  the  work  of 
producing  heat^  molecular  work  is  produced  by  the  splitting  up 
oi  chemical  compounds  into  their  constituents.  These  constituents 
may  be  either  elementary  atoms  or  groups  of  atoms^  and  are  called 
ions  (see  below). 

The  resistance,  according  to  our  former  observations,  is  directly 
proportional  to  the  length  and  inyersely  proportional  to  the 
sectional  area  of  the  conductor;  it  is  greatly  influenced  by  the 
concentration  and  temperature. 

The  electric  resistance  in  the  case  of  conductors  of  the  first 
class  increases  with  an  increase  of  temperature;  in  the  case  of 
metals  almost  always  according  to  the  formula : 

K,=  Ko  (1-0-00370, 

where  K  is  the  specific  conductivity,  and  t  the  temperature. 
In  the  case  of  conductors  of  the  second  class,  the  resistance 
decreases  with  an  increase  of  temperature,  and  that  in  a  much 
liigher  ratio  than  the  increase  in  the  previous  case.  Thus  the 
specific  conductivity  of  a  solution  of  24*9  per  cent.  NaCl  in  water 
increases  according  to  the  formula: 

K<=000001254  (l+0-0807/+0-000142/»). 

For  a  26-per-cent.  solution  of  NaCl  Eohlrausch  gives  this 
formula : 

K =000002015 +OOQ00PO45  (/-18°). 

For  conductors  of  the  first  class,  the  usual  unit  chosen  is  the 
resistance  of  silver,  taken = 100.  Most  of  the  other  metals,  except 
copper,  are  greatly  inferior  to  silver  in  this  respect;  but  the 
statements  of  different  authors  are  not  at  all  concordant, 
evidently  owing  to  the  various  degrees  of  purity  of  the  metals 
tested.  The  graphitic  modifications  of  carbon  are  also  conductors 
(while  diamond  and  charcoal  are  not),  but  their  conductivity 
increases  with  the  temperature. 

The  conductivity  for  heat  mostly  runs  exactly  parallel  to  that 
for  electricity : — 

Silver 100 

Copper    77 

Gold    55 

Zinc    27 


•      • 
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Brass  ,  22 

Iron    14 

Tin 12 

Platinum    10 

Lead   8 

Mercury 1*6 

Bismuth 1*8 

Graphite 007  to  0*40 

Gas  carbon 0*04 

Bunseu's  carbon 0*003 

The  electrical  resistance  of  a  copp6r  wire  of  1  millim.  diameter 
(0*785  square  millim.  section)  per  metre  is  0*022  ohm;  at  2  millim. 
•diameter  (3*14  sq.  millim.)  =0*0056  ohm;  at  3  millim.  diameter 
(7*07  sq.  millim.)  s  00025  ohm^  and  so  on.  1  ohm  is  equal 
to  the  resistance  of  a  column  of  mercury  1*063  metres  long  and  of 
a  section  of  1  square  millimetre  atO^C;  this  is  equal  to  the 
resistance  of  45  metres  (147*5  feet)  copper  wire  of  a  diameter  of 
1  millimetre  (=0*039  inch)^  or  the  resistance  of  100  metres 
(328  feet)  of  iron  wire  of  a  diameter  of  4  millimetres  (» 0*157 
(inch). 

As  regards  the  resistance  of  conductors  of  the  second  class^  we 
•quote  the  specific  resistances  of  a  number  of  electrolytes^  for 
-columns  of  1  square  decimetre  section  and  1  decimetre  long, 
expressed  in  ohms.  In  the  case  of  solutions^  we  also  quote  the 
decrease  of  percentage  of  resistance  for  1^  C. 

For  other  lengths  of  a  decimetres   ai^d  sections  of  q  square 

.decimetres  the  resistance  is  m?  =  — 

?•     

Fused  Salts.     (Prrflraun.) 

Potassium  nitrate 0*1451 ;  taken  at   342° 

Sodium  nitrate 0*0822  „        315 

Potassium  carbonate 0*4388  ,,      1150 

Sodium  carbonate 0*439  to  0*46      ,,        920 

Sodium  sulphate  0*2564  „      1280 

Sodium  chloride   0*1089  „        960 

Lead  chloride    0*0373  ,,580 

Zinc  chloride...  10*98  fused. 


2s2 


628 


ELXCTIL0LY8I8. 


Solutions*     (F«  KohlFaasdii) 

ISpec. ffpec  Deoreaae 

■      Gravil^, Basistanoe.  for  1^0. 

At  18^.  ohm.  per  oent^ 

Potassium  chloride,    SP/^  .,.'.,.,.,  i<)s68  1*4626  2-02 

„               10      ...:.....  1-0638  0-7422  1-89" 

„               16     ...»...:  1*0978  0-4994  1-80 

20     1-1335  0-3767  1-69' 

„               25      11408  0-3690  1-67 

Sodium  chloride,        5Vo  .••.*  10345  i-6022  218 

10     ...:.....  1-O707-  0-8334  2-15- 

15  ...,.«..  1-1087  0-6146  2-13' 
20     11477  0-5156  2-17 

25      1^898  0-4726  2-28 

26   1-1982  0-4691  2-31 

^      26-4  1-2014  0-4680  2*34 

Oaldum  chloride,       5% 1-0409  15697  2-14 

„               10     10852  0-8841  2-07 

16      1-1311  0-6705  2-03 

„               20     1-1794  0-5838  2-01 

25     1-2305  0-5666  2-06 

80     1-2841  0-6086  217 

35     1-3420  0-7388  237 

Magnesiam  chloride,  57o 10416  1-4764  2-23 

„               10     1-0859  0-8942  2-21  . 

20      1-1764  0-7196  2-38 

30     1-2779  0-9520  2-84 

„               34      1-3201  1*3168  319- 

Potasrium  chlorate,    57o 1-0316  2-742  212 

At  15^. 

Potassium  carbonate,  57o 10449  1*793  2*22 

„               10     1-0919  0-9696  213 

„               20     11920  0-5702  2-11 

„               30     1-3002  0-4531  220 

40     1-4170  0-4645  2-47 

60     1-5728  0-6856  320' 

Sodium  carbonate,     57o 1-0511  2-235  2-53 

10 11044  1-431  2-72 

„               15      11590  1-20^  2-95* 

WW  •■•••#■ 

At  15°. 

Potassium  hydroxide,  4-2*>/o  1-0382       0-6873  1-88 

8-4  1-0777  0-3697  1-87- 

12-6.. 11177.  .0-2675  1-89-' 

16-8  1-1588  0-2209  1-94 

,                21-0  1-2088'  01972  2-00 

„      '         26-2  1-2439  01864  210 

294  1-3008  0-1864  2-22 

„     .          83-6  1-3382 0-1929  2-37 

„               37-8  1-3803  0-2104  2-58 

42-0  1-4298  0-2392  284 
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Spec.  ^pee.  DecreaM 

Gravity.       -     Besistanoe.  forl°0. 

At  18°,*  ohm.  percent. 

43odiuin  hydroxide,      2-67o  1"0280  09268  1-96 

«  6      1-0568  0-5113  2-02     . 

10   M131  0-3223  218 

15   11700  0-2908  2-50 

20   1-2262  0-3018  801 

„      25   1-2823  0-3710  370 

30   1-3374  0-4986  4*50 

35   1-3907  0-6695  6-64 

40   1-4421  0-8671  6-62 

42   1-4625  0-9481  695 

According  to  Ohm's  law^  the  electrical  resistance  consumes  a 
corresponding  quantity  of  electromotive  force.  It  is  therefore 
necessary  to  keep  it  as  low  as  possible^  in  order  to  produce 
the  greatest  amount  of  electrical  work.  As  regards  external 
conductors^  which  consist  of  metal  (mostly  copper)^  this  is  easily 
attained  by  enlarging  the  section.  In  the  pres^it  case  ihe 
internal  resistance  of  the  baths  is  much  greater^  and  this  must 
be  lessened  as  far  as  possible  by  suitable  concentration  and  by 
heating  the  electrolyte  (comp.  above);  also  by  decreasing  the 
current-density^  that  is^  enlarging  the  surface  of  the  electrodes  up 
to  the  maximum  allowed  by  the  process^  and  by  bringing  the 
electrodes  as  close  to  each  other  as  possible ;  the  latter  certainly^ 
in  the  absence  of  a  diaphragm^  not  beyond  the  point  where  a 
•short  circuit  might  be  caused.  A  considerable  portion  of  the 
internal  resistance  is  usually  caused  by  the  diaphragm  (membrane) 
(dividing  the  anode  chamber  from  the  cathode  chamber  (see  below). 

The  electrolytes  conduct  the  current  whilst  undergoing  a 
decomposition ;  the  constituents  which  separate  are  called  iom. 
The  electn>negative  ion  is  separated  at  the  place  where  the 
positive  electricity  enters  into  the  bath ;  the  electro-positive  ion 
where  the  negative  electricity  enters.  The  parts  introducing 
the  electricity  are  called  electrodes;  that  forming  the  positive 
pole  is  called  the  anode,  and  the  (electro-negative)  ion  separating 
there  the  anion ;  the  negative  pole  is  formed  by  the  cathode,  and 
the  positive  ion  separating  there  is  the  cation. 

The  ions  may  be  elementary  substances — e.g.  chlorine  as  anion; 
sodium,  copper,  &c.  as  cations^ — or  else  they  are  groups  of 
elements  not  capable  of  existing  in  the  free  state,  and  splitting  up 
within  the  liquor  by  secondary  reactions.  Thus  the  anion  SO4 
reacts  at  once  with  water  and  forms  SO^H^,  with  separation  of 
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free  oxygen^  whicli  is  hence  not  formed  by  the  electrolysis  itself, 
but  by  a  secondary  reaction.  In  the  same  way  the  hydrogen^  so 
frequently  disengaged  at  the  cathode  in  the  reaction  here  referred 
to,  is  not  primarily  formed  by  electrolysis,  but,  e.g.,  by  the  action 
of  the  sodium,  formed  as  cation^  on  water.  Sodium  carbonate, 
NagCOs,  splits  up  into  Na  and  the  combination  NaCOs,  not  capable 
of  existing  by  itself;  the  sodium  at  the  cathode,  acting  on  water, 
yields  NaOH  and  free  H;  the  NaCOg  at  the  anode,  with  water, 
2NaHCOs  and  free  O.  Sodium  bicarbonate  itself  in  electrolysis 
splits  up  into  Na  and  the  acid  group  HCO3 ;  the  latter  at  the 
anode  yields  carbon  dioxide  and  oxygen  : 

2HC08=HsO  +  2C08  +  0. 

Theory  of  Ekctroly tic  Dissociation. — According  to  the  now  very 
generally  accepted  theory  of  Arrhenius,  based  principally  upon 
former  researches  by  Clausius,  only  such  liquids  conduct  the  elec- 
tric current  in  which  the  chemical  compounds  are  at  least  partially 
dissociated  into  their  ions,  and  that  exclusively  by  the  motions  of 
these  ions,  which  motions  constitute  the  current.  Hence  the  con- 
ductivity, cateris  paribus ^  is  proportional  to  the  number  and  the 
mobility  of  the  free  ions.  The  mobility,  that  is  the  velocity,  is  the 
sum  of  the  separate  velocities  of  the  anion  and  cation,  which  are 
entirely  independent  of  each  other,  and  are  merely  dependent 
upon  the  frictional  resistance  of  the  solvent  against  the  moving  ion. 
At  a  certain  temperature^  at  a  certain  gradient  of  the  current,  and 
in  a  certain  solvent  the  velocity  of  an  ion  is  entirely  a  function  of 
its  nature,  and  it  is  just  as  much  a  determinate  constant  as  its 
Atomic  weight,  its  colour,  and  so  forth.  The  velocity  expressed 
in  xoW  ii^iUinietre,  with  a  gradient  of  1  volt  per  millimetre,  in 
aqueous  solutions  at  25°  C,  is  as  follows : — 

+ 
H,  325. 

OH,  167. 

Metals,  40  to  70. 

Anorganic  acid  radicles,  35  to  75. 

Organic  ions,  15  to  70. 

According  to  this  theory  any  substance  can  exist  as  an  ion  only 
on  condition  of  being  able  to  receive  and  retain  an  electric 
charge,  positive  or  negative,  corresponding  to  its  valency  or 
capacity  of  charge.  When  a  salt  dissociates  on  dissolving,  the 
metal  becomes  positively,  the  acid  radicle  negatively  electrical* 
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Certain  substances,  among  tbem  the  metals^  can  enter  into  solution 
only  if  thejr  are  capable  of  receiving  positive  electric  charges. 
Metals  of  high  dissolving-pressure^  e.  g.  zinc,  acquire  that  charge 
from  ions  already  dissolved;  they  deprive  them  thus  of  their  own 
electric  charges.  But  as  ions  without  charge  cannot  remain  ions, 
those  which  are  deprived  of  their  charge  must  pass  out  of  the 
state  of  solution ;  according  to  circumstances,  we  then  notice  the 
precipitation  of  a  metal  or  the  evolution  of  hydrogen.  Similar, 
phenomena  are  noticed  if  we  immerse  within  an  electrolyte  at 
least  two  different  conductors  of  the  first  class  and  continually 
charge  them,  one  with  positive,  the  other  with  negative  electricity. 
In  this  case,  at  the  first  point  the  carriers  of  negative  electricity 
or  anions  {e.  g.  acid  radicles),  at  the  other  point  the  carriers  of. 
positive  electricity  creations  (hydrogen  and  the  metals)  yield  up 
their  charges  and  separate  out  in  the  molecular  state,  unless  they 
enter  into  further  reaction  with  constituents  of  the  solution  or 
with  the  electrodes.  In  all  cases  the  transportation  of  electricity, 
that  is  the  conduction  of  current  in  conductors  of  the  second 
class,  cannot  be  imagined  without  movement,  that  is  migration 
of  ions,  the  cations  migrating  to  the  cathode,  the  anions  to 
the  anode. 

Electrical  Units  of  Measure. — ^The  International  Congress  of 
Electricians,  held  in  1881  in  Paris,  established  the  following  units, 
on  the  strength  of  deductions  not  necessary  to  repeat  here : — 

The  unit  of  current-intensity  is  the  amphe  (A).  It  is  that 
constant  amount  of  current  which  separates  from  an  aqueous 
solution  of  silver  nitrate  0*001118  gram  silver  per  second,  or, 
according  to  Faraday's  law,  in  the  case  of  other  substances  in  the 
same  way  0*010386  times  the  milligram  equivalent. 

The  practical  unit  of  the  quantity  of  current  is  the  coulomb  (Cb), 
that  iS|  the  amount  furnished  by  a  constant  current  of  1  ampere 
during  1  second. 

The  unit  oi  resistance  is  the  ohm  (fi),  that  is,  the  resistance  of 
a  mercurial  column,  1*063  metres  long  and  1  sq.  millimetre 
section,  at  0°  C.  (The  units  formerly  used  are  the  Siemens 
iinit=:0'944  ohm,  and  the  B.A.  unit=:0'989  ohm.) 

The  unit  of  the  electromotive  force  or  tension  (voltage)  is  found 
by  measuring  the  difference  of  potential  at  the  ends  of  a 
resistance 38 1  fi,  if  a  currents  1  A  flows  through  the  latter;  it 
has  been  called  1  volt  (V).  The  electromotive  force  of  a  Daniell's 
battery = is  1*12  volt. 
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The  electrical  energy,  like  every  other,  is  composed  of  two 
factors^  the  quantity  (intensity)  and  the  tension;  its  unit  is 
therefore  the  volt-amphre  (VA)  or  watt.  Expressed  in  mechanical 
work  it  is=g4r=0-102  metre-kilogram  or  ^  of  a  metrical  (~^  of 
an  English)  horse-power.  Calculating  its  thermal  effect  from 
tlie  mechanical  equivalent  of  heat  (1  h.u.=425  metre-kilograms), 
1  wattis=0"00024  large  calory,  or  more  accurately  0*24104  gram- 
calory. 

The  electrical  work  is  expressed  in  watts  per  second  or  hour,  &c. 
The  English  Board  of  Trade  unit  is  1  kilowatt  (slOOO  watts) 
per  hour. 

The  above  amount  of  0*24104  calory,  the  heat-equivalent  of  a 
watt,  is  actually  manifested  as  he&t,  if  the  electric  current 
cannot  produce  any  electrical  work,  but  merely  heat.  Inversely 
we  require  4*164  watts  per  second  to  produce  1  gram-caloiy. 

The  relation  between  these  factors  of  energy  and  the  resistance 
is  represented  by  Ohm's  law : — 

The  electrical  mecisurinff 'instruments,  voltmeters  and  ampere- 
meters, are  now  always  of  that  kind  which  indicates  the  voltage 
and  amperage  directly  on  a  dial.  They  should  be  procured  from  a 
thoroughly  reliable  firm,  and  tested  from  time  to  time  in  a  physical 
laboratory. 

Calculation  of  the  Current-Intensity. 

Faraday's  electrolytic  law,  discovered  in  1 833,  in  the  form  given 

to  it  by  Kohlraus'^b,  I's  as  follows : — "  The  same  amount  of  current 

decomposes  in  the  same  time  the  same  number  of  electrochemical 

molecules";  or  else  "Each  electrochemical  molecule  requires  for 

its  decomposition  the  same  quantity  of  electricity  or  intensity  of 

current"     For  '^  electrochemical  molecule  "  we  may  say  "valency.'' 

We  understand  thus  that  currents  of  equal  strength  decompose  in 

n 
the  same  time  n  molecules  NaCl,  but  only  -  molecules  NajS049 

or  CuSO^,  or  CaCls;  also,  that  from  cuprous  chloride.  Camels, 
twice  as  much  metallic  copper  is  separated  than  from  cupric 
chloride,  CuClj. 

Consequently,   according  to  Faraday's   law,    the    electrolytic 
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^composing  work  is  a  function  of  the  current-intensity,  which  is 
now  universally  expressed  in  amperes  (A)^  and  of  the  chemical 
Equivalent,  that  is  the  molecular  weighty  divided  by  the  valency  of 
the  element  in  question.  In  order  to  find  the  real  amount  of 
work  done^  we  must  first  multiply  by  a  constant,  amounting  for 
a  second  to  0'010386  milligram*^  or  for  an  hour  to  0*03739  gram, 
fl^is  leads  to  the  subjoined  electrochemical  equivalents ;  that  is^  the 
weights  (in  grams)  theoretically  separated  per  hour  (or  per  24 
tiours)  by  a  current  of  1  ampere,  or  else  formed  by  secondary 
reactions  (taking  into  account  that  in  the  formation  of  chlorates 
4  equivalents  are  used^  viz. : 

6K0H + 6C1 = KCIO3 + 5KC1 + 3H,0) . 

Grams  per 

Grains  per  ampdre  in 

ampere  in  1  hour.  24  hours. 

Chlorine  1-3236  31766 

Sodium 0-8600  20640 

Potassium    1-4582  34-997 

Sodium  hydrate 14956  35-894 

Sodium  carbonate  19817  47*561 

Potassium  hydrate 20938  50251 

Potassium  carbonate  ...  25799  61-918 

Sodium  chlorate 0*6630  15-912 

Potassium  chlorate 07627  18305 

Hydrogen    0*0374  0-898 

Oxygen 02992  7184 

Of  this  theoretical  decomposing  work  it  is  possible  to  realize, 
with  somewhat  rational  plant,  at  least  about  80  to  85  per  cent,  in 
•electrolyzing  sodium  chloride  into  chlorine  and  caustic  soda,  or 
€6  per  cent,  in  preparing  chlorates. 

The  causes  of  the  discrepancy  between  the  theoretical  and  the 
practically  available  electroly  tical  work  of  the  current  are  various. 
In  the  electrolysis  of  aqueous  solutions  unavoidable  secondary 
reactions  occur  (p.  629),  in  the  case  of  NaCl  especially  the  forma- 
tion of  hypochlorite,  of  chlorate,  or  of  both.  By  the  application 
of  good  diaphragms  and  in  other  ways  these  secondary  reactions 

*  Sometimes  other  values  are  given  to  this  constant,  ranging  from  0*01085  to 
4)-010411. 
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noBj  be  lessaied^  but  never  entirely  done  away  with ;  and  they 
naturally  become  more  and  more  pronounced  the  further  the  con* 
version  of  NaCl  into  NaOH  proceeds.  In  the  electrolytia 
preparation  of  chlorates  the  secondary  reactions  are  still  more- 
troublesome^  since  here  oxygen  is  split  off  by  the  electrolysis  of 
hypochlorite,  perhaps  also  of  chlorate. 

Another  cause  of  the  incomplete  efficiency  of  the  current  in 
decomposing  NaCl  is  this :  that  as  soon  as  NaOH,  NaClOg,  Sec 
has  been  formed,  the  current  is  not  merely  conducted  by  the- 
NaCl,  but  also  by  the  NaOH  &;c.  A  third  cause  is  the  '' migra- 
tion of  ions  '^  (p.  630) .  The  two  last-named  phenomena  have  been 
frequently  investigated,  e.  g.  by  Hurter  ("  On  Electrolysis '' :  Liver- 
pool Physical  Society^s  Inaugural  Address,  London,  1893),  who  is 
certainly  mistakeu  in  assuming  that  they  have  been  hitherta 
mostly  overlooked.  They  have  led  him  to  the  conclusion  (long 
universally  held)  that  the  current  efficiency  continually  decreases. 
It  is  not  worth  while  to  repeat  his  figures,  as  they  are  only  valid 
under  his  special  conditions,  and  must'£ffer  with  evieiry  other  kind 
of  diaphragm,  with  other  temperatures/ and  altogether  with  every 
other  special  condition  of  the  process.  I  can  affirm,  for  instance,, 
irom  my  personal  observation,  that  in  a  most  scientifically  con- 
ducted factory  the  proper  limit  for  electfolyzing  a  solution  of  NaCl 
was  considered  to  be  attained  when  25  per  cent,  of  the  NaCl  had 
been  converted  into  NaOH,  whilst  in  another  factory  more  than 
50  per  cent,  was  transformed,  and  elsewhere,  I  am  told,  even 
better  results  are  obtained. 

The  processes  in  which  the  solid  product  of  electrolysis  does- 
not  remain  in  solution  with  the  electrolyte,  but  is  somehow  sepa- 
rated out,  avoid  the  principal  causes  of  loss  above  pointed  out* 
To  this  class  belong  the  processes  for  electrolyzing  sodium  chloride 
in  the  state  of  fusion,  or  those  in  which  the  cathode  is  in  contact 
with  mercury,  which  carries  away  the  reduced  sodium  in  the  state 
of  an  amalgam,  without  allowing  it  to  be  transformed  by  water 
into  NaOH  within  the  cathode  chamber.  The  same  holds  good 
of  Lyte's  process,  in  which  fused  lead  chloride  is  electrolyzed.  No 
secondary  reactions,  or  division  of  the  current  among  the  products* 
of  electrolysis,  can  take  place  in  these  cases. 
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Decomposinff'Work  within  the  Electrolyte. 

In  order  to  split  up  a  compound,  a  molecule^  into  its  ions^  we 
require  not  merely  a  certain  intensity  of  current^  but  also  a  certain 
tension  or  electromotive  force  {voltaffe).  The  current-intensity  has 
a  one-sided  quantitative  action ;  Faraday^s  law  teaches  us  that 
currents  of  equal  strength  produce  entirely  different  weights  of  ions^ 
but  always  in  proportion  to  their  equivalents.  We  know,  however, 
that  we  must  expend  for  decomposing  a  molecule  into  its  con- 
stituents the  same  amount  of  energy  which  has  been  liberated  in 
its  formation.  This  energy,  for  molecules  of  a  different  kind,  is 
not  at  all  proportionate  to  their  equivalents,  which  alone  are 
apparent  in  Faraday's  law,  but  equal  equivalents  of  different  com- 
pounds represent  very  different  quantities  of  chemical  energy, 
whose  measure  is  afforded  by  the  quantity  of  heat  liberated  during 
the  formation  of  each  compound  from  its  constituent.  This  energy 
must  be  again  brought  to  bear  from  without^  in  the  shape  of  heat 
or  other  forms  of  energy,  in  order  to  break  up  the  compound 
again,  and  to  render  to  its  single  constituents  once  more  their 
former  poteqtial  energy  (chemically  speakings  their  activity).. 
Since  the  electric  work  is  composed  of  current-intensity  and 
tension,  and  since  the  current-intensity  cannot  be  proportionate  to 
the  combining-i^iiergy  of  the  molecules,  manifested  as  '^  heat  of 
combination,^'  precisely  because  it  is  the  same  for  equal  equivalents 
of  all  compounds,  we  must  seek  the  second  factor  of  the  energy, 
required  for  dissolving  the  chemical  bond,  exclusively  in  the  electro- 
motive force,  which  hence  must  be  directly  proportionate  to  the 
''  heat  of  combination.''  This  is  also  proved  by  the  fact  that  the 
heat  given  out  during  the  passage  of  a  current  through  a  con- 
ductor, with  currents  of  equal  intensity,  that  is  for  an  equal 
number  of  molecules,  depends  entirely  upon  the  electromotive 
force. 

We  can  calculate  the  necessary  amount  of  electromotive  force 
as  follows: — ^According  to  p.  632,  4*164  watts  is  the  equivalent 
of  a  gram-calory;  according  to  p.  631,  0*010386  milligram,  or 
0*000010386  gram,  is  the  electrochemical  equivalent  of  a  second- 
ampere  for  the  unit  of  equivalents  (hydrogen) .  Hence  the  current- 
intensity  for  one  gram  is : 

0*000010386  ^=^>283  A. 
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If  we  denote  by  W  the  heat  of  formation^  including  the  heat  of 
solution  (if  any)  of  a  gram-equivalent  of  any  compound  in  question, 
Jind  by  E  the  potential,  expressed  in  volts,  we  obtain  : 

_      96,283  E        T,  W 

W  =      '^^     or  E  = 


4164      •     ^      23,112 

"That  is  to  say,  the  action  of  an  electromotive  force  of  one  volt,  is 
•equal  to  the  thermochemical  equivalent  in  gram-calories,  divided 
by  the  constant  23,122,  or,  if  expressed  in  "  large  calories,"  divided 
i)y23-l. 

We  thus  find  the  electromotive  force  required  for  a  specific 
process  by  dividing  the  heat  of  formation,  expressed  in  large 
•calories  for  each  equivalent  of  the  compound  in  question,  by 
.23*1  *,  which  signifies  the  electromotive  equivalent  of  the  mole- 
cular work  required  for  efiecting  the  decomposition.  In  the 
present  case,  we  have  principally  to  do  with  the  splitting  up  of  a 
:8olution  of  sodium  chloride  into  sodium  hydrate  and  chlorine, 
according  to  the  thermochemical  equation : 

(Na,Cl)  +  (H„0)  =  (Na,0,H)  +  H, + CI,. 
96-2  +  690  1121 

We  must  of  course  deduct  from  the  heat  of  formation  of  the 

•electrolyte  that  of  the  product;   the  second  system   therefore 

represents  165*2  less  112*1  s  53*1  lai^e  calories  less  than  the  first, 

and  the  transition  from  the  first  to  the  second  therefore  requires 

53*1 

.— -— =2*30  volts  for  the  molecular  work.    Exactly  the  same  result 

holds  good  for  electrolyzing  a  solution  of  KCl  into  KOH  and  CI. 

These  figures  are  much  lower  than  those  to  be  given  below  for 
decomposing  the  chlorides  into  the  alkaline  metals  and  chlorine. 
The  reason  is  that  the  formation,  by  a  secondary  reaction,  of 
-caustic  alkali  from  an  alkaline  metal  and  water  is  likewise  a  source 
of  energy,  which  diminishes  the  amount  of  energy  in  the  shape  q( 
electricity  required  for  the  work  of  molecular  decomposition. 

The  calculated  voltage  for  decomposing  a  solution  of  sodium 
-chloride  into  CI  and  Na  (as  it  occurs,  for  instance,  with  a  mercury 
eathode)  is  much  larger,  viz. : 

*  Berthelot  assumes  23*2,  others  only  23*07,  as  the  thermal  equivalent  of  a 
volt,  as  we  shall  see  later  on. 
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96*2 

23^     "     4-16  volts; 
for  potassium  chloride  into  K  and  CI : 

100-8  A^a     u 

-ggq-     =     4-36  volts.     . 

For  fused  chlorides  the  thermochemical  calculation  yields  the 
following  figures : — 

Na,a  IP     =     4-21volt8, 


K,C1 ^gf^^     =     4-58 


f9 


Pb,Cl, ,i5J-     =     1-84    „ 


In  these  cases^  however^  the  calculated  voltage  difiers  widely 
from  that  which  is  practically  necessary ;  the  high  temperature 
at  which  the  chlorides  have  to  be  kept  in  fusion  is  itself  a  source 
of  enei^  and  greatly  diminishes  the  amount  of  electrical  tension 
required  for  the  work  of  decomposition.  In  other  cases  the  actual 
voltage  is  in  excess  of  that  calculated. 

Apart  from  this,  later  investigations  of  Helmholtz  and  others- 
have  shown  that  the  voltage  required  for  splitting  up  a  chemical 
compound  does  not  exclusively  depend  upon  the  heat  set  free  in 
the  formation  of  that  compound^  but  that  other  factors  must  be 
taken  into  consideration,  of  which  we  cannot  treat  here.  We  may 
safely  omit  this,  as  the  deviations  caused  thereby  in  the  calcu-^ 
lations  of  the  voltage  from  the  heat  of  formation  are  not  generally 
very  considerable.  These  differences  are  manifested  as  '^  secondary 
heat  '^  in  the  decomposing-cell. 

In  those  cases  where  the  products  of  electrolysis  again  unite  in 
the  bath  itself  (always  with  the  separation  of  some  secondary 
product,  since  otherwise  the  electrolysis  would  have  no  object  at 
all],  we  must  likewise  account  for  the  difference  of  the  heats  of 
formation^  If  we  prepare  a  bleach-liquor  by  allowing  the  chlorine 
formed  a^  the  anode^  to  combine  with  the  sodium  hydrate  formed 
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at  the  cathode  (the  hydrogen  being  allowed  to  escape)^  thus  pro- 
ducing sodium  hypochlorite^  our  calculation  runs  as  follows  : — 

(Na,Cl)  +  (H„0)  =  (Na,0,Cl)  +  H„ 
96-2         69  83-3 

165-2-833  „  _      ,^ 
^^ =     8-64  volts. 

We  shall  mention  later  on  special  theoretical  and  experimental 
researches  on  the  decomposing-tension  of  various  substances  by 
Nourrisson,  Berthelot,  and  others. 

These  tensions  are  only  theoretical  minimum  values.  In  practice 
very  different  voltages  are  required  :  firstly,  owing  to  the  interior 
resistance  of  the  bath,  which  in  the  case  of  solutions  is  always 
much  greater  than  in  that  of  solid  (or  fused)  bodies;  especially 
the  nature  of  the  diaphragm  separating  the  anode  from  the  cathode 
chamber  is  of  great  influence  in  this  direction ;  secondly,  owing 
to  polarization, '  Both  act  in  the  direction  of  increasing  the  actually 
required  voltage.  Hence  those  processes  have  a  great  theoretical 
advantage  in  which  diaphragms  &;c.  can  be  dispensed  with,  which  is 
only  possible  where  the  products  of  electrolysis  can  be  preveiited 
from  acting  upon  each  other ;  also  those  in  which  no  gases  are 
formed  in  contact  with  the  electrolysis,  so  that  no  polarization  can 
ensue. 

Nor  must  we  overlook  that  frequently  on  the  large  scale  a 
larger  voltage  must  be  employed  than  on  the  small  scale,  since,  in 
order  to  send  a  large  number  of  amperes  through  a  given  section, 
where  the  object  is  to  increase  the  output,  a  greater  electro- 
motive force  than  the  minimum  must  be  present.  According  to 
present  experience,  we  may  assume  that  on  the  large  scale,  with 
good  diaphragms,  but  including  the  resistance  within  the  bath, 
a  difference  of  potential  =  4  volts  is  altogether  sufficient  for 
electrolyzing  solutions  of  common  salt. 

Apart  from  the  voltage  and  amperage,  we  must  not  lose  sight 
of  the  current-density,  that  is  the  proportion  of  the  surface  of  the 
electrodes  to  the  quantity  of  current  sent  to  them.  The  best 
results  in  every  given  case  are  always  obtained  with  a  special 
current-density,  varying  greatly  for  different  apparatus  and  pro- 
cesses, and  only  to  be  ascertained  by  experience  in  each  case. 
When  we  have,  with  a  fixed  surface  of  electrodes,  attained  a 
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^rtain  limit  of  carrent-inteusity^  we  shall  not  be  able  to  put  in 
more  amperes  without  employing  a  greater  voltage  than  before. 
Supposing  this  limit  in  a  special  case  to  be  500  A,  and  the  voltage 
to  be  employed  up  to  that  point  to  be  4  V^  we  shall  not  be  able  to 
•send  1000  A  through  the  same  bath  without  raising  the  voltage. 

If  we  neglect  for  the  moment  the  influence  of,  the  current- 
•density^  the  increase  of  voltage  requisite  on  increasing  the  quantity 
of  current  can  be  calculated  from  the  following  formula,  in  which 
A  P  denotes  the  difEerence  of  potential,  I  the  current-intensity, 
£  the  minimum  intensity  required  for  splitting  up  the  molecule, 
together  with  all  other  factors  remaining  constant  with  changing 
current-intensities,  W  the  interior  resistance  of  the  bath : — 

AP.I=E.H-P.W. 

Pividing  this  equation  by  I,  we  obtain : 

AP=E+IW. 

That  is  to  say,  the  difference  of  potential  does  not  increase  in  the 
same  ratio  as  the[current-intensity,  but  in  a  less  degree.     If  W  is  ii 
small  magnitude  in  comparison  with  £,  it  will  be  possible  to  largely 
increase  the  current-intensity  without  any  considerable  increase  of 
voltage.     This  state  of  the  case  is,  however,  modified  by  the  fact 
that  on  increasing  the  current-intensity,  without  at  the  same  time 
enlarging  the  surface  of  the  electrodes,  the  current-density  is  also  in- 
creased, which  may  cause  secondary  phenomena,  greatly  influencing 
the  necessary  voltage,  nearly  always  in  the  direction  of  increasing 
it.    Thus,  in  order  to  force  1000  A,  instead  of  500,  through  the 
bath,  the  tension  may  have  to  be  increased  from  4  V  to  6  or  8  V ; 
and  since  the  work  of  electrolyzing  increases  only  in  proportion  to 
the  current-intensity,  but  is  not  influenced  by  the  voltage,  much 
more  engine-power  will  have  to  be  expended  than  is  proportionate 
to  the  increased  electrical  eflect.     But  as,  according  to  the  above, 
the  current-density  is  a  considerable  factor  of  the  voltage,  that 
disproportionate  increase  of  the  engine-power  required  for  the 
€xtra  work  to  be  done  can  be  frequently  avoided  by  enlarging  the 
surface  of  the  anodes  or  the  cathodes,  or  both.    Even  in  such 
cases  where  this  is  not  possible,  sometimes  a  larger  than  the 
minimum  voltage  is  employed  in  order  to  make  the  baths  work 
more  quickly.    This  is  a  matter  for  special  consideration  in  each 
case. 
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The  eJBTect  of  current-density  is  also  shown  in  the  following 
way :— rWith  very  great  current-density — that  is,  powerful  currents- 
sent  through  small  electrodes — ^it  may  happen  that  the  ions,  which 
are  to  act  upon  their  surroundings,  can  do  so  only  partially^ 
because  they  are  not  in  contact  with  a  sufficiently  large  surface  of 
the  surrounding  substance.  A  similar  effect  is  produced  hy 
decreasing  the  concentration  of  the  electrolyte,  in  which  case  the 
ions  may  not  meet  with  a  sufficient  number  of  molecules  to  pro-^ 
duce  the  secondary  reactions.  Both  these  cases  are  only  valid  for 
secondary  processes,  whilst  the  primary  electrolysis  is  independent 
of  the  size  and  nature  of  the  electrodes  and  the  concentration  of 
the  solution. 

As  we  shall  see,  most  inventors  employ  diaphragms  in  the  elec* 
trolysis  of  aqueous  solutions  of  chlorides,  and  for  a  very  ^ood 
reason,  viz.,  to  diminish  or  exclude  the  secondary  reactions.  The- 
diaphragms  certainly  not  merely  cause  a  loss  of  electromotive 
force  by  increasing  the  resistance  (p.  625),  but  are  in  many  cases 
very  fragile.  Many  inventions  refer  to  this  point,  as  well  as  to 
the  anodes,  which  are  not  only  continually  exposed  to  the  action 
of  chlorine,  but  suffer  even  more  from  the  oxygen  formed  by 
secondary  reactions. 

Efficiency  of  the  Dynamos. 

Multiplying  the  voltage  by  the  current-intensity,  we  obtain 

the  woi^k  to  be  performed  by  the  dynamo,  which  is  expressed  in 

"volt-amperes^'  or  "watts'*  (p.  632).     A  German  or  French  horse-^ 

power  (75  metre-kilograms)  is  equal  to  736  watts,  an  English  H.P, 

(550  foot-pounds)  to  746  watts.     Instead  of  horse-power,  calcula* 

tions  are  frequently  expressed  in  "kilowatts''  bIOOO  watts  (an^ 

English  "Board  of  Trade  unit"  is  a  kilowatt-hour).     With  a 

746 
potential -difference  of  4volts,  e,ff,,  a  H.P.  will  furnish  -^  =  186*5  A, 

or,  theoretically,  186-5  x  1*3236=246'83  grams  chlorine  per  hour>. 
or  5924  grams  per  24  hours,  or  1777  kilograms  in  300  days.  This 
is,  however,  the  efficiency  for  electrical  horse-power,  that  is  the 
work  done  at  the  poles  of  the  dynamo,  which  with  large  machines 
is  from  7  to  10  per  cent,  less  than  the  work  done  by  the  main 
shaft,  or  15  per  cent,  less  than  the  indicated  H.P.  in  the  steam- 
cylinder.  As  value  of  the  latter  only  630  watts  can  be  assumed.. 
When  expressing  the  results  in  kilowatts  there  is  no  such  un- 
certainty as  to  the  meaning  of  the  word. 
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With  small  mactunes  all  conditions  are  less  favourable.  Small 
steam-engines^  to  begin  with^  consume  much  more  coal  per  indi* 
Gated  H.P.  than  large  ones.  Good  condensing^  triple-expanding 
engines  can  work  with  something  like  1*8  lb.  of  coal  per  H.P. 
hour^  whereas  small  non-condensing  engines  consume  upwards  of 
4*8  lb.  The  former  suffer  less  loss  between  the  cylinder  and  the 
main  shaft.  Large  dynamos  are  also  far  more  efficient  than  small 
ones.  There  is  especially  a  great  loss  of  current  efficiency  with 
low-tension  dynamos.  Therefore  high-tension  dynamos  must  be 
employed^  and  several  baths  must  be  put  in  series,  so  that^  for 
instance^  a  dynamo  with  50  volts  available  tension  serves  for  ten 
baths  with  a  potential  difference  of  5  volts  each. 

Quincke  (Chem.  Zeit.  1893>  p.  654)  discourses  on  the  utilization 
of  energy  when  transformed  into  the  electric  current.  With  the 
very  best  steam-engines^  consuming  only  5*5  kilog.  steam  per  H.P. 
hour^  there  is  a  loss  in  the  steam-boiler  of  16  per  cent.^  in  the 
steam-engine  of  82  per  cent.^  and  in  the  d}mamo  of  8  per  cent,  of  the 
energy  introduced.  Still  this  is  up  to  this  day  the  only  practically 
available  source  of  electricity  [?  ].  The  dry  gas-battery  of  Mond 
and  Langer  (plaster-of-Paris  slabs^  impregnated  with  dilute  sul- 
phuric add^  covered  on  both  sides  with  platinum-foil,  coated  with 
platinum-blacky  whilst  on  one  side  hydrogen,  on  the  other  oxygen, 
is  carried  along)  has  not  been  practically  successful.  [Whether 
the  battery  of  Borchers,  Zschr.  f.  angew.  Ohem.  1895,  p.  26,  or 
others  will  solve  this  problem  must  be  left  to  the  future.  At 
present,  beyond  any  doubt,  water-power,  with  direct  coupling  of 
the  dynamo  on  the  turbine,  is  the  cheapest  source  of  electricity.] 


Special  Scientific  Investiffations  on  the  Electrolysis  of  Chlorides. 

The  older  researches  in  this  direction  do  not  now  present  much 
interest,  and  will  be  mentioned  only  by  title :  Lidoff  and  Tisch- 
riomiroff  (Chem.  Centralbl.  1882,  xiii.  p.  747) ;  Naudin  and  Bidet 
(Bull.  Soc.  Chem.  1883,  xl.  p.  2);  Jurisch  (Chem.  Ind.  1888. 

p.  100). 

Hurter  (Journ.  Soc.  Chem.  Ind.  1888,  p.  722)  admits  that  the 

endothermic  reaction 

2NaCl  +  2H,0=2NaOH  +  H,  +  Cl2, 

VOL.  III.  2  T 
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demandiDg  for  58*5  grms.  NaCl  53^060  heat-nnits^  can  be  pro- 
duced by  electricity  at  ordinary  temperatures,  and  that  in  this  lies 
one  advantage  of  electricity,  as  well  as  in  the  circumstance  that 
by  transforming  heat  into  mechanical  work  wider  ranges  of  tem- 
perature can  be  employed  than  in  the  direct  application  of  heat. 
But  compared  with  our  mechanical  powers  the  molecular  forces 
are  very  large,  and  it  therefore  requires  very  large  plant  to  do 
comparatively  little  work.  It  takes  a  current  of  1000  amperes 
day  and  night  for  three  years  to  produce  one  ton  of  hydrogen  or 
its  equivalent  of  any  other  substance.  [That  means,  «.^.,  35 '5 
tons  of  chlorine  or  100  tons  of  bleaching-powder.]  Moreover, 
although  well-constructed  dynamos  now  change  90  per  cent,  of 
the  available  horse-power  into  electricity,  yet  far  more  electricity 
than  can  be  calculated  from  theory  is  necessary  for  overcoming 
the  resistances,  &c.  Taking  the  cost  of  a  H.P.  hour  =id.,  and 
assuming  that  20  per  cent,  is  lost  in'  transforming  mechanical 
energy  into  electric  currents,  and,  again,  50  per  cent,  in  changing 
current  into  molecular  work,  Hurter  arrives  at  an  amount  of  £4 
as  the  cost  of  decomposing  one  ton  of  salt  into  chlorine  and  a 
solution  of  salt  containing  caustic  soda,  whereas  the  Leblanc 
process  sells  the  whole  of  the  products  from  one  ton  of  salt  for 
less  than  £6. 

Another  drawback  is  the  great  loss  by  resistance  in  porous 
diaphragms,  which  may  amount  to  0*01  or  even  O'l  ohm.  WithO'Ol 
ohm  for  the  resistance,  and  2  volts  for  polarization,  it  takes  an 
electromotive  force  of  12  volts  to  send  1000  amperes  through  the 
bath,  according  to  Ohm^s  law ;  this  means  that  85  per  cent,  of  the 
power  of  the  engines  is  wasted  on  sending  the  current  through  a 
diaphragm. 

Moreover,  the  products  formed  are  likewise  conductors;  the 
current  will  travel  as  well  vid  the  caustic  soda,  and  another 
decomposition  will  set  in,  with  evolution  of  oxygen.  Hurter 
concludes  that  the  separation  of  the  products  of  the  reaction 
from  each  other  ^'  offers  almost  insurmountable  difSculties  in  the 
electrolytic  process''  [which,  however,  were  soon  completely  over- 
come in  practice !  ],  and  that  '^for  the  production  of  articles  of  low 
price  electrolysis  as  a  manufacturing  operation  is  impracticable.'' 

Hurter's  observations  are  right  in  theory;  but  by  arbitraiy 
assumption  of  values  they  have  led  him  to  an  entirely  wrong  con- 
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elusion^  especially  through  the  error  that  with  porous  diaphragms 
a  difference  of  potential  =  12  volts  must  be  employed,  and  thus 
85  per  cent,  of  the  mechanical  energy  must  be  wasted  for  over, 
coming  the  electric  resistance  and  the  polarization.  We  now 
know  that  with  somewhat  rational  diaphragms  the  maximum 
Toltage  on  the  large  scale  is  4  volts  for  decomposing  aqueous 
solutions  of  sodium  chloride,  when  employing  a  proper  current- 
density. 

Since  1888,  no  doubt,  Dr.  Hurter  has  greatly  changed  his 
views;  but  a  more  recent  communication  of  his  (Joum.  Soc. 
Chem.  Ind.  1895,  p.  428)  does  not  contain  much  that  is  of 
practical  utility,  and  his  conclusions  were  strongly  combated  in 
ihe  discussion  of  his  paper. 

A  series  of  experiments  on  the  chemical  processes  taking  place 
in  the  electrolysis  of  aqueous   solutions  of  chlorides  has   been 
made  by  Fogh  ('Dissertation,^  Dresden,  1889).  Many  of  his  results 
are  deducible  from   the  well-known  properties  of  the  galvanic 
current,  such  as  these :  that  better  results  are  obtained  with  hot 
than  with  cold   solutions;   better  with   concentrated  than   with 
dilute  solutions ;  better  with  the  electrodes  near  each  other  than 
at  a  greater  distance.     The  secondary  reactions  were  proved  by 
obtaining  much  less  chlorine  than  corresponds  to  the  hydrogen, 
together  with  some  oxygen,  owing  to  the  formation  of  hypo- 
chlorite, which  gives  off  oxygen  by  the  current.    At  a  higher  tem- 
perature the  hypochlorite  is  changed  into  chlorate.     When  placing 
the  anode  below  the  cathode,  so  that  the  chlorine  must  pass  through 
the  caustic  solution,  no  chlorine  whatever  escapes.    When  employ- 
ing a  diaphragm,  first  pure  chlorine  is  given  off,  but  gradually 
more  and  more  oxygen  gets  mixed  with  it,  by  the  diffusion  of 
caustic  liquor   into   the   anode  chamber,   where  hypochlorite  is 
formed  and  is  decomposed  by  the  current  into  metal,  oxygen,  and 
chlorine.     When  working  without  a  diaphragm  in  such  manner 
that  the  chlorine  at  once  acts  upon  the  alkali  and  forms  hypo^ 
chlorite,  this  occurs  only  to   a  very  limited    extent;    after  a 
certain  limit   no  more   hypochlorite  is  formed   and  ultimately 
it  even  decreases,  but  irregularly,  evidently  not  by  an  electrolytic 
decomposition,  but  by  the  action  of  the  nascent  hydrogen.    But 
the  whole  of  the  KCl  or  NaCl  can  be  gradually  changed  into 
chlorate,  none  of  which  is  electrolytically  decomposed  so  long 
as  chloride  remains  present.     Part  of  the  chlorate  is,  however^ 

2t2 
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reduced  by  nascent  hydrogen^  which  makes  the  indnstrial  employe 
ment  of  electricity  impossible  except  with  very  cheap  power  [this  had 
been  proved  before  Fogh  by  Gall  and  Montlaur,  as  we  shall  see]. 

Fogh  distinguishes  the  following  stages  when  electrolyzing  a 
solution  of  NaCl  at  10°  to  15°  C.  without  a  diaphragm : — 

A.  First  Stage. — (1)  Electrolytical  decomposition  of  NaCI  into 
Na  and  CI.  (2)  Decomposition  of  water  by  Na  into  NaOH  and  H.^ 
(3)  Reaction  of  chlorine  on  NaOH ;  formation  of  hypochlorite. 

B.  Principal  Stage. — (4)  Simultaneous  electrolytic  decompo- 
sition of  chloride  and  hypochlorite  in  the  molecular  ratio  15:1. 
Bepetition  of  reactions  2  and  8.  (5)  Transformation  of  hypo- 
chlorite into  chlorate  and  chloride. 

C.  Secondary  Process. — Reduction  of  hypochlorite  and  chlorate 
by  nascent  hydrogen. 

If  the  electrolysis  is  continued  after  the  principal  stage  has  been 
passed^  the  chlorate  itself  decomposes.  In  order  to  produce  2 
mols.  chlorate  a  quantity  of  current  must  be  employed  sufficient 
for  disengaging  16  mols.  of  CI  from  chloride.  Since  2  chlorate- 
correspond  to   12   chloride^  the   principal  process   utilizes   only 

^    =75  per  cent,  of  the  current  for  the  formation  of  chlorate.    Of 

this^  in  the  absence  of  a  diaphragm,  very  much  (in  Fogh's  case 
two-thirds)  is  decomposed  by  the  nascent  hydrogen^  and  thus  only 
25  per  cent,  of  the  current  is  utilized  [Gall  and  Montlaur  from 
the  first  worked  with  a  diaphragm] . 

When  electrolyzing  calcium  or  magnesium  chloride  with  a 
diaphragm^  the  insoluble  hydroxide  formed  cannot  return  into* 
the  anode  chamber;  there  are  thus  no  secondary  reactions,  and 
almost  the  whole  of  the  current  is  chemically  efficient.  This  can  be 
done  with  a  voltage  of  2*7  V,  and  thus  by  a  horse-power  (=630 
watts)  per  hour  303  grms.  CI,  315'8  grms.  Ca(0H)2,  and  8'5 
grms.  H  can  be  produced.  Assuming  the  hydrogen  to  be  utilized 
as  fuel  [which  has  not  yet  been  realized  anywhere],  and  putting 
a  H.P. =627,840  calories,  Fogh  calculates  78,817  cal.  for  electro- 
lytically  generating  71  grms.  chlorine  and  74  grms.  calcium 
hydrate,  against  82,806  cal.  for  producing  the  same  quantity  of 
bleaching-powder  from  common  salt,  sulphuric  acid,  manganese, 
and  limestone.     [His  calculation  has  no  practical  value.] 

Nourrisson  (Compt.  rend.  1894,  cxiii.  p.  189)  gives  calculations 
and  observations  as  to  the  minimum  electromotive  force  required 
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for  decomposing  solutions  of  alkaline  salts.     His  calculations  are 
based  on  the  principle  developed  on  p.  636^  dividing  the  diflference 
in  the  heats  of  formation  of  the  first  and  the  second  products  by 
■a  constant  (which  he  assumes  =s:23'2).     In  th6  case  of  NaCl  he 
•deducts  from  that  difference  (53  cal.)  6  cal.  for  secondary  forma- 
tion  of  chlorine   and   oxygen    compounds,   and  thus   obtains  a 
minimum  voltage  of  2-02  V.     [Oettel,  in  the  paper  quoted  lower 
down,  has  shown  that  this  deduction  is  not  admissible,  and  that 
the  minimum  tension  is  really  2*30  V.]    For  decomposing  Na2S04 
Nourrisson  calculates  2*15  V  as  minimum  tension.     For  all  ozy- 
salts  of  the  alkaline  metals  this  tension  is  the  same.     His  observa- 
tions very  nearly  agree  with  his  calculations;   they  showed  the 
following  minimum  voltages  : — 
K,C1      2-00  volts.     K„S04        2*4  volts.     K,N03      2*32  volts. 
Na,Cl     202    „        Na2,S04        2*4    „        Na,NO,    236    „ 
Ca,Cl,    1-95     „         (NH4)3,S04  2-29  „        Ca,(NOs)22*28    „ 
Ba,Cl,    1-94    „  Ba,(NOs)82-87    „ 

NH4,C1  1-83    „ 

^Oettel  explains  these  low  figures  for  the  chlorides  by  errors  of 
Kourrisson^s  instruments.] 

Blanc  (Compt.  rend,  cxviii.  p.  411)  has  likewise  made  experi- 
ments on  the  minimum  decomposing  tensions,  and  he  has  found 
«ven  slightly  lower  figures,  viz.,  for  K,C1 1*96  volts ;  for  Na,Cl  1*98 
volts;  for  Ca,Cl3  1'89  volts;  for  K^SO^  2*21  volts;  for  Na8,S04 
S-21  volts,  8cc. 

Berthelot  {ibid,  p.  412)  remarks  that  the  results  obtained  by 
Nourrisson  and  Blanc  can  be  deduced  from  a  paper  he  published 
in  1882;  calculation  led  him,  e.g.,  in  the  case  of  KSO4  to  the 

15'7  +  34*5 
formula    — ^pt-^ — =2*16,    observation  to  2*20   volts.      In  a 

23*  2 

further  communication  (Compt.  rend,  cxviii.  p.  702)  Le  Blanc 

altogether  doubts  the  applicability  of  thermochemical  reasoning 

for  the  calculation  of  the  galvanic  polarization,  to  which  Berthelot 

replies  {ibid.  p.  707)  that  the  coincidence  of  the  numerical  results 

obtained  by  experience  according  to  that  method  cannot  possibly 

be  explained  by  an  accident.      Nemst  (in  R.  Meyer's  ^  Jahrbuch 

Aer  Chemie,'  iv.  p.  64)  emphatically  confirms  Berthelot's  view, 

and  adds  that  the  modern  theory  of  electrochemical  processes  is 

.incomplete  in   this   respect,   since  it  is   unable  to  explain   the 

itbove-mentioned  coincidence. 
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Oettel  (Chem.  Zeit.  1894,  p.  69)  corrects  Nourrisson's  figures 
{comp.  above),  and  he^adds  some  interesting  observations  of  which 
we  will  give  an  abstract.  If  electrodes  with  rough  surfaces  are 
employed,  the  minimum  of  decomposing  voltage  can  frequently  be 
directly  measured.  On  such  rough  electrode  surfaces  a  sufficient 
quantity  of  liquid  or  gaseous  products  is  condensed  to  convert  the 
cell  for  a  short  time  into  a  storage  battery.  After  some  time  the 
current  is  shut  off  and  an  instrument  with  great  resistance  is  put 
in,  which  allows  of  measuring  the  tension.  Whilst  a.  minimum 
polarization  current  is  flowing  through  the  measuring  instru* 
ment,  reactions  occur  inverse  to  those  formerly  taking  place  iu 
the  cell.  The  tension  is  observed  just  so  long  as  both  electrodes 
are  still  charged  with  the  products  of  the  reaction;  when  these 
have  been  consumed,  the  tension  decreases.  The  time  during 
which  the  polarization  current  shows  the  full  decomposing  tensioa 
depends  on  the  size  of  the  electrodes.  In  the  case  of  common  salt 
solutions,  with  electrodes  of  sheet-iron  and  retort-carbon  and  & 
porous  clay  diaphragm,  Oettel  observed  with  a  Siemens  tensioa 
galvanometer,  with  currents  of  from  3  to  60  amperes,  a  decom* 
posing  tension  of  2*25  to  2*28  volts,  or  very  nearly  the  calculated 
tension  of  2*30. 

In  the  clay  diaphragm  the  solution  of  chlorine  in  salt  solution, 
formed  at  the  anode,  and  the  solution  of  NaOH,  formed  at  the 
cathode,  meet  and  produce  sodium  hypochlorite.  This  in  the 
cathode  chamber  is  quickly  reconverted  into  NaCl  by  the  reducing 
action  of  the  current;  in  the  anode  chamber  it  is  partly  oxidized 
into  NaClOs,  partly  electrolytically  decomposed  in  such  manner 
that  the  Na  migrates  to  the  Cathode  and  is  there  transformed  into 
NaOH  and  O,  whilst  at  the  anode  HOCl  and  O  are  found.  In  a 
similar  way  part  of  the  chlorate  is  again  electrolytically -decom- 
posed with  formation  of  NaOH,  H,  HCIO3;  and  O;  another  part 
migrates  into  the  cathode  chamber  and  is  there  reduced  to  NaCL 

The  formation  of  oxygen  compounds  of  chlorine  is  therefore 
reducible  to  a  purely  chemical  reaction  between  chlorine  and  caustic 
alkali,  and  their  quantity  is  directly  proportional  to  the  velocity 
with  which  the  two  liquors  diffuse  through  the  diaphragm.  Under 
equal  conditions  the  velocity  of  diffusion  increases  with  the  differ* 
ence  of  the  solutions  and  the  porosity  of  the  membrane.  This  is. 
in  agreement  with  the  fact  that  all  the  more  hypochlorite  is 
formed  the  more  alkali  is  present  in  the  cathode  liquor  and  the 
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more  porous  the  diaphragm.  No  certain  observations  are  as  yet 
available  to  prove  a  direct  oxidation  of  the  alkaline  chloride  to 
hypochlorite  or  chlorate  by  the  electric  current. 

It  is  an  established  fact  that  in  the  electrolysis  of  the  alkaline 
chlorides  the  chlorine  evolved  is  mixed  with  oxygen^  and  this  is 
usually  ascribed  to  a  secondary  decomposition  of  the  hypochlorite* 
The  slight  quantity  of  the  latter  which  is  formed  is^  however^ 
insufScient  to  explain  the  frequently  considerable  quantities  of 
oxygen.  These  can  be  traced  to  another  process.  The  caustic 
alkali  in  the  cathode  chamber  is  likewise  decomposed  by  the 
current  into  alkaline  metal,  hydrogen,  and  oxygen.  The  metaU 
of  course,  instantaneously  regenerates  the  decomposed  alkali,  so 
that  the  result  is  that  of  decomposing  water.  The  proportion  in 
which  the  current,  and  with  it  the  decomposition,  divides  itself 
between  the  caustic  alkali  and  the  chloride  depends  upon  the 
concentration  and  alkalinity  of  the  liquors.  Two  factors  favour 
the  passage  of  the  current  through  the  caustic  alkali :  the  better 
conductivity  of  the  latter  in  comparison  with  the  chlorides  and 
its  smaller  decomposing  tension,  which  is  equal  to  that  of  water, 
=  1*5  volts. 

That  part  of  the  current  which  is  absorbed  by  the  decomposition 
of  water  is  of  course  lost,  and  the  current  efficiency  therefore 
decreases  with  the  increase  of  the  percentage  of  oxygen.  The 
efficiency  is  even  less  favourable  in  the  electrolysis  of  alkaline 
sulphates,  for  in  this  case  both  final  products  are  good  conductors, 
and  the  current  simultaneously  decomposes  three  substances — the 
original  salt,  the  sulphuric  acid,  and  the  caustic  alkali. 

The  above  is  in  agreement  with  the  fact  that  Fogh  (p.  643) 
found  the  chlorine,  separated  from  calcium  or  magnesium 
chlorides,  free  from  oxygen  and  very  pure.  Here  the  hydroxides, 
separated  at  the  cathode,  take  no  part  in  conducting  the  current, 
and  hence  no  oxygen  is  formed. 

/« In  opposition  to  the  opinion  held  by  many  inventors,  that  in 
electrolyzing  alkaline  salt  solutions  sometimes  water  is  primarily 
decomposed,  Arrhenius  (Zschr.  f.  phys.  Ch.  xi.  p.  805)  proves 
that  this  is  not  the  case.  Experiments  showed  that  some  time 
always  elapses  after  closing  the  circuit  before  hydrogen  is  visible 
at  a  mercury  electrode,  whereas  in  sulphuric  acid  the  hydrogen 
is  immediately  evolved;  this  undoubtedly  proves  the  primary 
separation  of  alkaline  metal  and  the  formation  of  an  amalgam. 
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The  electromotive  force  required  for  electrolysis  is  influenced  by 
the  secondary  reactions^  and  may  sometimes  be  entirely  dependent 
upon  these.  If  the  result  of  the  secondary  processes  in  various 
cases  is  the  same  as  in  electrolyzing  alkaline  salts^  the  electro- 
motive force  is  the  same  and  is  independent  of  the  nature  of  the 
salts.  All  known  facts  are  in  favour  of  the  assumption  that  water 
alone,  or  in  the  presence  of  electrolytes,  takes  part  only  to  an 
extremely  slight  extent  in  the  conduction  of  the  current  and  in  the 
decomposition. 

«  Costs  of  Electrolysis. 

Cross  and  Sevan,  on  the  occasion  of  discussing  some  electrolytic 
processes  (Joum.  Soc.  Chem.  Ind.  1892,  p.  963)  give  the  following 
calculations,  to  which  I  add  some  remarks,  enclosed  in  [  ] .  We  have 
first  to  consider  the  cost  o{ power.  With  large  engines  of  the  best 
kind,  say  two  at  1200  H.P.  =  2400  H.P.,  2^  lbs.  of  coal  per  H.P. 
hour  may  be  assumed.  [This  ought  certainly  to  suflSce.]  We 
must  then  spend  per  24  hours  : — 

£ 

Coals  2400  X  2^x24=64  tons  at  10« 32 

Labour,  two  shifts,  eight  men  at  5* 4 

Depreciation  10  per  cent,  for  300  days : 

on  engines     £10,000 

„  boilers  7,000 


». 

d. 

0 

0 

0 

0 

£17,000      5  14    0 

Oil,  waste,  &c 10    0 


£42  14    0 


This  divided  by  24x2400  comes  to  O'lSrf.  per  H.P.  hour;  but  to 
make  sure,  Cross  and  Bevan  assume  the  cost  of  power = one  farthing 
per  H.P.  hour.  This  agrees  almost  exactly  with  an  estimate  by 
Dr.  John  Ilopkinson,  according  to  which  a  Board  of  Trade 
unit  (  =  1  kilowatt  hour)  can  be  produced  at  a  cost  of  OSSd, 
[Swinburne,  in  Journ.  Soc.  Chem.  Ind.  1894,  p.  455,  states  the 
cost  of  a  kilowatt  hour  only = one  farthing,  inclusive  of  interest 
and  depreciation.] 

This   2400  H.P.,   when   converted  into  electrical  energy  and 
delivered  at  the  terminals  of  the  electrolyzers,  will  be  equivalent 
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to  2000  electrical  H.P.^  on  the  basis  of  a  loss  in  conversion  and 
leakage  of  17  per  cent.     This  is  2000  X  746=1,492,000  watts. 

Very  much  depends  npon  the  amount  of  the  working  voltage. 
With  the  Greenwood  or  Le  Sueur  process,  Cross  and  Sevan 
assume  working  at  a  potential  difference  of  4^  volts  [this  is 
decidedly  more  than  is  required  with  other  processes,  and  may 
therefore  be  accepted].  Dividing  1,492,000  watts  by  4^  volts, 
we  arrive  at  a  current  of  331,555  amperes =7,957,320  amp^e 
bours  per  diem. 

Each  ampere  hour  is  theoretically  capable  of  producing 
000292  lbs.  of  chlorine,  therefore  7,957,320  x  0-00292=23,235  lbs. 
of  chlorine  per  24  hours.  Taking  a  practical  efficiency  of  80  per 
cent,  [which  is  a  minimum],  a  current  of  331,555  amperes  will 
yield  18,588  lbs.  of  chlorine,  equal  to  22*43  tons  of  37  per  cent, 
bleaching-powder  per  24  hours. 

Each  ampere  hour  will  yield  0*0033  lb.  NaOH.  A  similar 
calculation  to  the  above  gives  us  a  yield  of  9*378  tons  of  caustic  or 
12*426  tons  of  soda-ash  per  24  hours. 

The  cost  of  these  products  is  assumed  by  Cross  and  Bevan  as 
follows: — 

£    s.     d. 

18  tons  salt  at  12* 10  16    0 

12     „    limeatl2«   7    4    0 

Power2400x  24=57600  H.P.  hours  at  irf.     60    0    0 

Labour    10    0    0 

Casks  and  packages  18    0    0 

Depreciation  at  10  per  cent,  for  300  days  : 

on  electrolyzers £12,000 

„  dynamos   8,000 

„   tanks,  pumps,  buildings, 

&c 10,000 

£30,000  ...     10    0    0 

Superintendence    10    0 

General  expenses  4    0    0 

£121     0    0 

For  renewing  the  diaphragms  and  anodes  in  the  Le  Sueur 
process  they  allow  £30 ;  for  producing  carbonic  acid  in  the  same 
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process  £2,  thus  making  the  cost  of  soda-ash =£153.  In  the 
case  of  caustic  soda  we  must  add  the  expense  of  evaporation, 
which  they  take  at  £\  per  ton^  that  is  ^£9.  This  caustic  soda  in 
many  processes  still  contains  some  salt^  which  renders  it  rather  less 
valuable  than  the  ordinary  product. 

[This  calculation  applies  on  the  whole  to  all  electrolytic  pro- 
cesses in  which  the  voltage  is  not  much  more  or  less  than  4^  volts, 
aud  is  therefore  of  general  interest.     It  must  be  acknowledged 
that  most  of  the  items  are  not  estimated  at  all  too  low.     The  best 
triple-expansion  engines  certainly  do  not  consume  2^  lbs.  per  H.P. 
hour;  If  lbs.  ought  to  suffice.     Moreover,  Cross  and  Bevan  have 
increased  the  calculated  figure  from  0'18  to  0'25cf.,  that  is  by  40  per 
cent.      With  water-power  much  lower  costs  of  power  must  be 
assumed.     In  Switzerland^  e.g.,  the  cost  of  1  electrical  H.P.  hour 
=  735  watts  is  reckoned  =1  centime^  say  ^d.     At  the  Niagara 
Falls  they  reckon    18  per  electrical  H.P.  per  year,  which  is  about 
equal  to  ^rf.  per  H.P.  hour  for  300  working  days.     The  potential 
difference  of  4^  volts  also  exceeds  what  is  necessary ;  theoretically 
only  2  volts  is  required  for  the  electrolysis  itself  (p.  645)  ^  and 
2^  volts  for  resistance  and  polarization  is   decidedly  more  than 
necessary^  at  least  by  ^  volt.     Cross  and  Bevan  state  their  figures 
to  represent  maximum  costs.     The  wear  and  tear  of  the  anodes^ 
if  they  are  properly  chosen  and  joined  with  the  conductors  in  a 
suitable  manner^  not  acted  upon  by  chlorine,  must  be  much  less 
than  they  assume.     It  is  certainly  very  doubtful  whether  Green^ 
wood's  diaphragms  will,  as  the  inventor  states,  last  for  ever.     The 
necessity  of  frequently  renewing  the  diaphragms  in  Le  Sueur'a 
and  similar  processes  is  certainly  a  weak  point,  and  £30  may  not 
suffice  in   this   case.      Indeed^  nearly  everything  depends  upon 
employing  good  anodes  and  diaphragms.     That  process  is  also  very 
irrational  in  converting  the  soda  into  bicarbonate  and  reconverting 
this  into  soda-ash^  the  cost  of  which  operations  is  decidedly  muck 
more  than  £2  for  12  tons.     On  the  other  hand,  the  conversion 
of  a  10  per  cent,  caustic-soda  solution,  containing  a  very  large 
quantity  of  comnipn  salt  and  a  little  sodium  chlorate  &c.,  into 
solid  caustic   soda   is   much  more    troublesome   and    expensive 
than  is  generally   assumed.     There  is  also  nothing  allowed  for 
heating  the  baths.     Still,  on  the  whole,  the  above  calculation  ia 
probably  much  too  high,  and  with  a  ffood  process  the  costs  should 
be  less.] 
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T!he  value  of  the  products  obtained  is  stated  by  Gross  and  Bevaii 
as  follows : — 

£    s.     d. 

22-43    tons  bleaehing-powder  at  £7  lOs.     168    4    6 

9-878      ,,    caustic  soda  at  £  1 2  10* 112  10    9 


£280  15     3 


or  else : 

22-43  tons  bleaehing-powder,  at  £7  10s.     168    4  6 

12-426,,    soda-ash,  at  £5  15« 71     9  0 

£239  13  6 


[This  calculation  is  based  on  the  prices  then  current,  which  are 
now  very  different;  it  is,  however,  given  in  order  to  show  how 
irrational  are  those  processes  in  which  the  soda  is  not  obtained 
as  caustic,  but  as  carbonate.] 

A  further  calculation  of  the  cost  of  an  electrolytic  soda  and 
chlorine  works  is  given  by  Haussermann  (Zsch.  f.  Electrochemie, 
1895,  p.  21).  He  starts  with  a  daily  production  of  5000  kil. 
NaOH,  and  the  corresponding  quantity  of  bieaching-powder  from 
brine;  steam  is  assumed  to  furnish  the  power,  with  continuous 
working  over  350  days  per  annum.     [N.B.  300  days  is  enough.]* 

1.  Power. — 1  ampere  furnishes,  with  80  per  cent,  efficiency,  in 
24  hours  28*56  grams  NaOH  and  25*2  grams  CI;  hence  1  kiL 
NaOH  per  24  hours  requires  25  amperes.  The  baths  require  a 
voltage  of  3'5  volts  [N.B.  it  is  better  to  allow  4  volts],  or  for 
1  kil.  NaOH  122-5  watts,  for  5000  kil.  6125  kilo  watts =832  elect, 
H.P.  At  the  same  time  we  obtain  4410  kits.  CI,  which  is  practically 
equal  to  12,500  kils.  35  per  cent,  bieaching-powder  [N.B.].  The 
832  electrical  H.P.  is=915  indicated  H.F.;  adding  85  H.P.  for 
other  purposes,  we  arrive  at  1000  H.P.  The  best  engines  consume 
0-8  kil.  [=1}  lbs.]  coal  per  H.P.  hour,  or  altogether  19,200  kil.; 
at  1*2  mark=220*4  market*  For  firemen,  enginemen,  oil,  repairs,, 
depreciation,  &c.,  according  to  experience,  about  the  same  amount 
as  the  above  should  be  assumed;  total  cost,  therefore,  460*8  marks 
(say  £23). 

*  I  mark  with  N.B.  the  assumptions  which  seem  to  me  too  favourable. 

t  Where  coal  is  bo  dear,  vi2.  12«.  per  ton,  electrolysis  is  scarcely  practicable. 
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}  2.  Sail, — Allowing  a  loss  of  10  per  cent.,  we  require  8000  kils. 

j  rock-salt,  at  1*5  mark =120  marks.     Saturated  brine  is  cheaper. 

fN.B.  Certainly!     The  above  price  =  16*.  per  ton  of  salt  would 

be  prohibitory.] 

3.  Evaporalion  of  the  liquor  and  finishing  the  caustic, — ^The 
liquor;  as  it  comes  from  the  baths,  contains  80  grams  NaOH  per 
litre,  apart  from  theNaCl;  hence  per  24  tons  63  cub.  metres  must 
be  worked  up.  This  must  first  be  boiled  down  to  spec.  grav.  1*45, 
in  which  operation  the  common  salt,  which  is  but  slightly  soluble 
even  in  hot  concentrate  caustic  liquor,  precipitates  almost  com- 
pletely. For  this  ptit'pOse  multiple-effect  apparatus  should  be 
employed  (comp.  Vol.  II.  p.  765),  preferably  those  provided  with 
an  automatic  arrangement  for  taking  away  the  salt,  like  those 
of  Neumann  and  Esser,  Germ.  pat.  75421.  In  this  way  1  kil. 
of  coals  wiU  evaporate  20  kils.  water,  and  as  we  have  to 
remove  50  cub.  metres  of  water,  we  require  2J  tons  of  coal 
=30  marks.     For  finishing  the  caustic  we  may  allow  another 

5  tons =60  marks. 

4.  Quicklime  for  bleaching-powder,  at  60  parts  for  100  parts 
bleach =7500  kils.,  costing  15  m.  per  ton  =112*50  marks. 

5.  Packages, — 5  tons  of  caustic  require  iron  drums  at  12  marks 
per  ton =60  marks,  12^  tons  bleaching-powder  casks  at  17  m. 
per  ton =212*50  marks. 

6.  Wages, — Haussermann  gives  details  for  estimating  these  at 
182-50  marks. 

7.  Repairs,  inclusive  of  renewing  anodes  and  diaphragms, 
arbitrarily  assumed  at  175  marks. 

8.  Depreciation, — He  allows  360,000  marks  for  buildings  and 
40,000  for  a  well,  chimney,  and  fence,  all  at  5  per  cent.,  or  57*15 
marks  per  day.  The  depreciation  of  the  boilers  and  engines  is  in- 
cluded in  the  costs  of  power.  The  other  apparatus — ^baths,  vacuum 
pans,  finishing-pots,  bleaching-powder  chambers,  workshops — may 
be  assumed  =  600,000  marks,  at  10  per  cent,  depreciation  171*42 
marks  per  day,  or  altogether  228*57  marks. 

Summary  of  costs  of  5000  kils.  caustic  soda  and  12,500  kils. 
bleaching-powder:— 
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Marks. 

1.  Power 460-80 

2.  Salt 120 

3.  Coals  90 

4.  Lime  112-50 

5.  Packages     212-50 

6.  Wages 182-50 

7.  Repairs  17500 

8.  Depreciation 228*58 

1581-88,  say  £79. 

To  this  must  be  added  general  expenses  (salaries,  office  expenses, 
brokerage,  insurance,  sick  fund,  rates,  and  taxes),  amounting  to 
25  per  cent,  of  the  other  costs  or  upwards. 

[This  would  amount  to  about  iSlOO;  and  would  leave  a  handsome 

profit  at  the  market  prices  in  1895.     But  these  prices,  especially 

that  of  bleaching-powder,  will  in  all  probability  be  considerably 

reduced,  as  soon  as  the  ^^  combinations ''  fail,  which  is  inevitable  in 

the  end.     On  the  other  hand,  some  of  Haussermann's  assumptions, 

as  denoted   by  the  sign  ''  N.B.,'*  are  much  too   high.     Large 

electrolytic  works  must  be   established   under  very  much  more 

favourable  conditions  as  to  cost  of  power  and  salt  than  he  ha& 
assumed.] 
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CHAPTER.  XXV. 

SPECIAL  PROCESSES  FOR  THE  ELECTROLYTIC  PRODUCTION 

OF  SODA  AND  CHLORINE. 

I.  Processes  for  the  Production  of  Alkali  and  Chlorine 

WITHOUT  PREVIOUS  SEPARATION  OF  AlKALINE  MeTALS. 

The  first  who  is  generally  credited  with  an  attempt  at  utilizing 
electrolysis  for  the  alkali  manufacture  is  William  Cooke,  whose 
English  patent.  No.  13620,  dates  May  3,  1851.  It  has,  however, 
been  overlooked  that  this  patent  was  taken  as  a'' communication;'^ 
i;he  real  inventor,  unknown  by  name,  was  probably  a  foreigner. 

Cooke  describes  the  following  ^*  improvements  in  the  manufacture 
of  soda  and  the  carbonate  thereof.''  A.  large  tank,  11  by  6  by 
^  feet,  is  divided  into  three  compartments  by  means  of  porous 
diaphragms.  Two  copper  plates  are  placed  in  the  middle  compart- 
ment and  large  pieces  of  iron,  all  connected  together,  in  each  of  two 
other  compartments.  Each  copper  plate  is  connected  by  a  slip  of 
copper  with  the  next  mass  of  iron.  A  solution  of  common  salt  is 
put  into  each  compartment  with  the  iron,  and  clean  water  in  the 
compartment  with  the  copper.  The  vessel  is  covered  up,  '^  and  the 
temperature  being  now  ]jept  above  70°  F.,  the  decomposition  of 
the  salt  will  be  accomplished  within  seven  days."  The  soda  in 
the  middle  compartment  is  in  solution  ^'  with  a  little  salt/'  and  the 
liquid  may  be  evaporated  from  it.  ''  The  caustic  soda  when  dry 
must  be  kept  hot  and  stirred  for  an  hour  or  two,  during  which 
time  it  will  absorb  the  carbonic  acid  from  the  air  with  great 
avidity;  it  will  greatly  increase  in  bulk,  and  will  be  finally 
converted  into  pure  carbonate." 

The  last  remark  shows  that  the  inventor  had,  at  the  best,  made 
a  laboratory  experiment  on  a  minute  scale,  perhaps  not  so  much  as 
that.  This  is  still  further  proved  by  his  assertion  that  with  the 
above  crude  kind  of  battery  a  ton  of  carbonate  of  soda  could  be 
made  within  seven  days,  and  that  this  required  2489  lbs.  common 
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«alt  and  1161  lbs.  iron  (which  is  converted  into  chloride  in  the 
outer  compartments).  These  figures  are  almost  exactly  the 
•chemical  equivalents^  and  are  evidently  only  calculated  on  paper. 

Soon  after  (pat.  No.  13755,  Sept.  25,  1851)  Charles  Watt, 
together  with  many  other  things,  describes  the  electrolysis  of 
common  salt.  He  goes  a  step  beyond  Cooke,  by  not  combining 
the  source  of  electricity  with  the  decomposing  cell,  but  creating 
it  outside  by  means  of  a  Daniell's  battery  of  six  cells.  The 
decomposing  vessel  is  divided  by  porous  partitions  into  two  or 
more  compartments,  all  of  them  filled  with  a  strong  solution  of 
«alt  and  containing  the  electrodes;  movable  covers  serve  for 
collecting  and  conveying  away  the  gases  which  are  generated. 
One  of  these  is  chlorine ;  the  hydrogen  is  to  be  used  for  heating 
purposes.  The  working  temperature  should  not  be  below  49^  C. 
In  this  process  caustic  alkali  is  obtained;  if  carbonate  is  to  be 
produced,  CO3  must  be  employed.  If  hypochlorites  or  chlorates 
are  to  be  produced,  steam-jacketed  vessels  are  employed,  containing 
two  electrodes,  one  above  the  other,  the  lower  for  the  liberation 
of  chlorine,  the  upper  for  that  of  alkali.  A  hot  solution  of  the 
chlorides,  to  which  a  certain  quantity  of  free  alkali  or  alkaline 
earth  has  been  added,  is  put  into  the  vessel,  and  connection  is 
made  with  the  battery.  If  it  is  desired  to  produce  a  hypochlorite, 
the  temperature  is  kept  between  37^  and  49°;  the  solution  may 
be  used  as  a  bleaching-bath.  If  a  chlorate  is  to  be  produced,  the 
temperature  is  raised.     The  evolved  hydrogen  is  specially  collected. 

Stanley  once  more  takes  a  patent.  No.  811,  1853,  very  similar  to 
Cooke's ;  here  also  the  iron  is  to  be  converted  into  chloride. 

Dickson  (Nos.  2044  and  2265,  1862)  patents,  in  a  most  confused 
manner,  the  decomposition  of  common  salt,  kelp,  crude  nitrate  of 
soda,  soda  with  ammonium  chloride  from  the  ammonia-soda 
process,  Leblanc  black-ash,  &c.,  in  heated  cast-iron  cells  with 
carbon  anodes.  His  second  patent  refers  to  the  electrolysis  of 
sodium  chloride,  this  time  with  the  addition  that  the  decomposition 
was  to  be  assisted  by  nitric,  nitrous,  sulphurous,  or  sulphuric 
acid,  ferrous  or  ferric  chloride,  cuprous  or  cupric  chloride,  ferric 
or  cupric  oxide,  or  by  passing  oxygen  obtained  by  electrolysis 
through  certain  ignited  chlorides,  or  by  the  galvanic  decomposition 
of  fused  common  salt.     This  medley  requires  no  criticism. 

Fitzgerald  and  Molloy  (No.  1376,  1872)  again  patent  the 
-electrolysis  of  sodium  and  potassium  chlorides,  alkaline  nitrates 
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and  sulphates^  calcium  chloride  or  hydrochloric  acid^  for  the 
production  of  free  chlorine,  of  hypochlorites,  chlorates,  &c.  They 
make  a  large  number  of  statements  as  to  the  baths,  diaphragms, 
and  anodes  to  be  employed. 

A  statement  made  in  the  '  Berichte  der  deutschen  chemischen 
Oesellschaft  ^  (vi.  p.  1141),  according  to  which  the  above  process 
was  being  applied  at  sea-side  places,  e.  g,,  St.  Lawrence,  near 
Margate,  on  a  large  scale,  and  successfully^  for  the  electrolysis  of 
sea- water  ( ! ),  was,  of  course,  entirely  devoid  of  foundation. 

Faure  (No.  1742,  1872)  returns  to  Cooke's  principle,  but 
employs  a  thermoelectric  current.  He  uses  cast-iron  anodes  with 
carbon  steps,  and  a  porous  diaphragm  made  of  canvas.  In 
the  negative  cell  ferric  oxide  may  be  placed.  The  products  are 
caustic  soda  and  ferric  chloride,  whose  solutions  run  away  by 
separate  channels. 

Lontin  (No.  473,  1875)  patents  the  employment  of  dynamos 
for  the  decomposition  of  alkaline  chlorides,  together  with  a  large 
number  of  other  electrolyses.  (Since  the  title  of  the  patent 
mentions  only  acetic  and  formic  acid,  it  would  have  been  invalid 
in  all  other  cases.) 

Wastshuk  and  Glukoff  (Engl.  pat.  no.  4985,  1880)  employ  for 
the  electrolysis  of  common  salt  a  closed  elliptical  trough  with 
porous  diaphragm.  On  the  right  side  is  the  anode,  consisting  of 
carbon  or  platinum,  on  the  left  the  iron  cathode;  both  compart, 
ments  are  filled  with  brine.  The  current  liberates  chlorine  on  the 
right  side ;  this  partially  acts  upon  water,  so  that  HCl  and  O  are 
formed.  The  gases  are  freed  from  HCl  by  washing ;  CI  and  O 
are  given  off  and  are  utilized  for  a  gas-battery.  On  the  left  side  Na 
is  formed,  which  instantly  decomposes  with  water  into  NaOH 
and  H;  the  hydrogen  equally  goes  into  the  gas-battery.  The 
brine  is  supplied  from  a  higher  reservoir  equally  to  both  com- 
partments ;  the  pressure  produced  thereby  causes  a  quicker  removal 
of  the  gases  and  lessens  polarization.  The  feeding  with  brine  and 
the  running  ofE  of  the  caustic-soda  solution  are  regulated  in  such 
manner  that  the  latter  gives  only  a  slight  opalescence  with  silver 
nitrate  [such  complete  decomposition  is  practically  impossible  !]• 
From  the  caustic-soda  solution  either  solid  caustic  soda  or,  by 
carbonizing,  sodium  carbonate  is  to  be  obtained.  The  current 
produced  by  the  gas-battery  is  to  electrolyze  brine  in  a  second 
bath. 
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L.  Wollheim  (Germ.  pat.  16426,  of  1881)  employs  different 
liquids  in  the  two  chambers  of  the  decomposing  cell  divided  by 
the  diaphragm.  In  the  cathode  cell  he  places  caustic  soda  or 
potash,  in  the  anode  cell  sodium  chloride,  carnallite,  &c.  The 
caustic-soda  solution,  which  is  always  getting  stronger,  is  con- 
tinuously removed  from  the  bottom  of  the  anode  cell,  and  the 
solution  of  the  chloride  is  supplied  continuously  to  the  top  of  the 
cathode  cell. 

Spence  and  Watt  (Engl.  pat.  1630,  1882)  employ  in  both 
chambers,  divided  by  a  plaster-of- Paris  diaphragm,  electrodes  made 
of  retort-carbon.  The  hydrogen  given  off  at  the  cathode  is  to  be 
employed  for  driving  a  gas-engine  by  which  the  dynamo  is  driven, 
and  they  believe  this  to  be  economical  work.  Of  course  they 
cannot  have  assumed  that  they  would  save  in  this  way  the  whole 
of  the  power  for  the  dynamo,  since  that  would  be  a  perpetuum 
mobile, 

Geisenberger  (Engl.  pat.  3104,  1883)  electrolyzes  a  solution  of 
zinc  chloride. 

Richardson  and  Grey  (Engl.  pat.  4417,  1884)  once  more  very 
naively  patent  the  electrolysis  of  common  salt,  as  if  nobody  had  the 
idea  before  them,  and  without  describing  a  technically  available 
apparatus  for  the  purpose. 

Hopfner  (Engl.  pat.  6736,  1884)  specially  occupies  himself  with 
the  loss  produced  by  polarization.  To  prevent  this,  he  employs  at 
the  cathode  depolarizing  substances,  or  a  continuous  circulation  of 
the  liquid.  As  anode  he  employs  a  substance  not  acted  upon  by 
chlorine,  as  carbon  or  manganese  ore;  the  solution  of  the  chloride 
is  constantly  run  in  and  out,  so  that  the  chlorine  produced  is 
carried  away.  According  to  the  rate  of  the  feed,  the  liquor  is 
more  or  less  saturated  with  chlorine.  In  order  to  prevent  the 
evolution  of  hydrogen  at  the  cathode,  this,  which  may  consist  of 
any  good  conductor,  is  coated  with  some  substance  reducible  by 
hydrogen,  and  thus  preventing  polarization.  (His  process  was 
specially  intended  for  producing  a  Solution  of  chlorine  in  brine, 
for  the  purpose  of  extracting  gold.) 

In  a  further  patent  (Germ.  pat.  80735)  Hopfner  employs  a 
solution  of  cupric  chloride  as  a  depolarizer  in  the  cathode  chamber. 
The  CuClj  is  reduced  by  the  current  to  CuCl,  which  is  kept  in 
solution  by  the  NaCl  or  HCl ;  later  on  it  is  again  oxidized  to 
CuClj  by  air  in  acid  solution,  and  thus  reintroduced  into  the 
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process.     This  permits  of  generating  far  more  chlorine  than  xv'ould 
be  the  case  with  the  same  amount  of  current. 

Phillips  (1885)  places  a  porous  earthenware  cell  in  a  wooden 
trough,  4  inches  from  the  bottom.  The  cell  is  closed  by  a  cover 
with  three  perforations.  Through  one  of  these  a  glass  tube,  com- 
municating with  a  compressed-air  main,  passes  through  to  the 
bottom  of  the  cell ;  the  second  contains  a  gas-delivery  pipe ;  the 
third  the  carbon  anode.  The  cathode  consists  of  platinized  copper. 
The  trough  and  the  earthenware  cell  are  half-filled  with  brine,  and 
the  current  from  a  gramme  machine  is  passed  through  it,  the 
chlorine  formed  being  quickly  removed  from  the  cell  by  the  com- 
pressed air.  Phillips  admits  that  the  brine  cannot  be  completely 
converted  into  caustic  liquor  by  this  means. 

Tricket  and  Noad  (Engl.  pat.  7754,  1888),  in  electrolyzing 
NaCl,  again  apply  the  chlorine  for  combining  with  a  metal  present 
at  the  anode.  This  is  employed  as  an  oxide,  and  is  regenerated 
from  the  chloride  by  roasting.  The  clear  caustic  liquor  is  to  be 
treated  with  calcium  carbonate,  which  yields  its  COj  to  it,  and  at 
the  same  time  precipitates  any  traces  of  metals  &c.  Herein  con- 
sists the  only  novelty  in  this  patent. 

Greenwood  (Engl.  pat.  14239,  1888)  employs  a  large  trough, 
containing  a  number  of  carbon  electrodes,  in  an  annular  group, 
communicating  with  the  negative  pole  of  a  dynamo.  In  the  centre 
is  a  porous  cell,  also  containing  carbon  as  an  anode.  The  outer 
vessel  is  fed  with  concentrated  brine,  the  inner  with  water;  the 
outer  vessel  yields  caustic  liquor,  the  inner  a  solution  of  chlorine 
in  water. 

Further  patents  of  the  same  inventor  (Nos.  18990,  1890;  2134, 
1891)  describe  the  following  apparatus: — The  bath  consists  of 
iron  or  of  carbon,  externally  coated  with  electrolytically  pre- 
cipitated copper;  this  is  the  cathode.  The  anode  is  formed  by 
a  metal  cylinder  coated  with  carbon.  At  a  suitable  distance 
from  both  is  a  diaphragm,  consisting  of  a  number  of  V-shaped 
porcelain  or  glass  troughs,  placed  one  inside  the  other.  The 
interstices  are  filled  up  with  asbestos  or  ground  steatite.  This 
diaphragm  is  said  to  offer  very  little  electrical  resistance  and  to 
prevent  the  diffusion  of  chlorine  from  the  anode  chamber  into 
the  caustic  liquor  present  in  the  cathode  chamber.  A  number  of 
such  baths  are  put  in  series;  the  brine  flows  from  a  higher  reservoir 
through  all  the  baths,  then  into  special  vessels,  from  which  it 
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retnrns  into  the  reservoir,  and   so   forth, 
decomposed.      The    baths    are   provided 
through  which  passes  the  chlorine  pipes, 
the  bath  is  of  an  oblong  shape,  and 
is  divided  into  anode  and  cathode 
chambers  by  parallel  plates,  forming 
the  poles  and  diaphragms ;  in  this 
case  the  cathodes  are  not  coated  with 
carbon.     The  liquor  formed  by  the 
electrolysis  contains,  together  with 
NaOH,  mncli  undeeomposed  NaCl, 
which  must  tie  removed  by  evapora- 
tion and  fishing  out. 

Figs.  11)2  and  193  show  a  longi- 
tudinal and  cross-section  of  one  of  the 
decom|>osing  cells,  which  are  placed 
terrace- wise  (a  perspective  view  of 
the  apparatus  is  given  in  'Indus- 
tries,' xii.  p.  210).  a  is  the  outer 
wall  of  the  cathode  chamber ;  b  its 
carbon  lining  (which  is  not  required 
in  the  case  of  iron) ;  c  the  negative- 
pole  connection;  (f  the  anode  cylin- 
der of  carbon-coated  metal,  with 
the  positive-pole  connection  e.  The 
anodes  are  made  by  eleclrolytically 
coating  with  copper  the  two  faces  of 
the  carbon  slabs  to  be  joined  toge- 
ther, then  tinning  them,  placing  the 
slabs  in  a  mould  with  those  two 
faces  turned  towards  each  other,  but 
leaving  an  empty  space  between 
them  which  is  filled  by  pouring  in 
melted  type-metal.  The  carbon  is 
maiie  non-porous  by  rubbing  it  with 
lead  peroxide  and  polishing.  Anode 
d  is  insulated  from  cathode  a  by 
&  slate  slab  /.  Between  d  and  a  is 
the  diaphragm  g,  formed  by  the 
V-shaped  porcelain  troughs  j  with 


,  until  it  is  sufliciently 
with  porcelain  covers. 
In  another  arrfiDgement 
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the  asbestos  or  steatite  filling  k.  This  forms  an  anode  chamber  h  and 
a  cathode  chamber  i,  which  are  filled  from  below  with  brine  by 
pipes  /  and  m;  u  is  a  porcelain  cover,  v  the  outlet-pipe  for  chlorine. 

On  the  large  scale  the  above-mentioned  arrangement  seems  to 
have  been  employed,  in  which  oblong  vessels  are  divided  by  the 
described  diaphragms  into  ten  anode  and  ten  cathode  chambers ; 
the  cathodes  are  cast-iron  plates.  The  anodes  and  cathodes  of 
each  bath  are  parallel^  and  five  such  groups  of  baths  are  put  in  a 
stepped  series.  With  a  current  density  of  from  100  to  1 10  amperes 
per  square  mietre  the  tension  is  44  volts.  The  brine  flows  from  the 
top  vessel  downwards  to  the  bottom  one ;  it  is  again  raised  by 
an  ebonite  pump,  and  this  is  repeated  until  the  maximum  of 
useful  electrolysis  is  attained,  which,  according  to  Greenwood,  is 
the  case  when  the  liquor  contains  2*21  per  cent.  NaOH  to  10  76 
per  cent,  undecomposed  chlorine.  The  expert  Preece  calculates 
the  cost  of  decomposing  a  ton  of  salt  at  £3  Ss.,  allowing  one 
farthing  as  the  cost  of  a  kilowatt  hour,  which  infers  cheap  coal  and 
triple-expansion  engines. 

Nahnsen  (Engl.  pat.  No.  11699,  1890)  prescribes  electrolyzing 
at  between  0°  and  7°,  in  order  to  prevent  the  reaction  of  chlorine 
on  the  water.  Insoluble  electrodes  must  be  employed,  carbon  as 
anode.  The  voltage  is  to  be  20  to  30  per  cent,  above  the  theo- 
retical, the  current-density  at  the  anode  not  below  025  ampere 
per  square  decimetre. 

Richardson  and  Holland  (No.  2296,  1890)  try  to  prevent  the 
agitation  of  the  liquid  and  the  polarization  of  the  cathode  by  the 
hydrogen  given  off  there,  by  coating  the  cathode  with  cupric  oxide, 
which  is  thus  reduced  to  copper  and  easily  transformed  again  into 
CuO.  For  the  manufacture  of  caustic  alkali  the  electrodes  are 
placed  horizontally,  the  cathode  at  the  bottom,  the  anode  at  the 
top.  The  heavy  caustic  soda  remains  at  bottom,  the  chlorine 
escapes  at  the  top.  If  hypochlorites  are  to  be  manufactured,  the 
electrodes  are  placed  in  the  opposite  order  ;  the  chlorine  on  rising 
then  meets  with  the  caustic  soda  and  combines  with  it.  For 
small-bcale  work  vertical  electrodes  with  porous  diaphragms,  and 
a  zinc  anode  instead  of  carbon,  may  be  employed  ;  the  whole  will 
thus  act  as  a  galvanic  battery,  and  may  be  utilized  as  such. 

In  a  subsequent  patent  (No.  19704,  1891)  Richardson  prescribes 
constructing  the  cathode  as  a  broad  band  moving  through  the 
cell ;  on  its  entering  into  the  electrolyte  the  cupric  oxide  is  put 
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on,  and  on  its  leaving  the  reduced  copper  is  removed.  Instead  of 
making  the  cathode  ittiell  movable,  the  depolarizator  may  be 
moved  along  it. 

Another  patent  by  Holland  and  Richardson  (No.  2297,  1890) 
replaces  the  expensive  and  fragile  porous  diaphragms,  which  offer 
great  electrical  resistance,  by  non-porous  partitions,  which  catch 
up  the  substances  formed  in  electrolysis  and  carry  them  to  the 
surface,  the  hydrogen  taking  along  the  caustic  soda.  In  one  of 
their  apparatus,  for  instance,  each  electrode  is  covered  with  a  kind 
of  funnel ;  from  the  point  of  one  the  chlorine,  from  that  of  the 
other  hydrogen  and  caustic  soda  are  drawn  off. 

A  further  patent  of  Holland's  (No.  5525, 1893)  contains  nothing 
of  much  importance. 

Holland  and  Richai'dson's  patents  were  carried  out  on  a  large 
scale  at  the  Snodland  paper-mills  in  Kent,  and  in  getting  up  a 
Limited  Company  for  the  purpose  of  developing  that  process  some 
rdmarkable  statements  were  made  conceruiug  the  results  obtained 
at  Snodland.  Thus  a  Mr.  Leith  states,  as  one  of  the  advantages 
of  the  process,  that  most  manufacturers  have  an  excess  of  steam- 
power,  which  they  might  utilize  for  driving  a  dynamo  !  From  the 
report  of  a  more  compeient  expert,  an  electrician,  we  learn  that  at 
first,  with  iron  cathodes,  the  high  tension  of  6  volts  was  required, 
which  ought  to  have  deterred  any  experienced  person  from  em- 
ploying such  a  process.  Nine  months  later, 
when  employing  the  patent  copper  cathodes,  -Fig- 1^- 

the  tension  had  decreased  to  it'8  volts — that 
is,  about  the  same  as  is  attained  in  any  rea- 
sonable process  with  an  ordinary  iron  ca- 
thode! The  anodes  made  of  retort-carbon 
are  praised  as  a  special  advantage  by  the 
experts,  as  if  they  were  peculiar  to  thut 
process  I  The  calculations  of  cost  show  an 
immense  profit, o»;((7pcr.  in  1894sfactory 
was  to  be  erected  at  St.  Helens  for  decom- 
posing 50  or  60  tons  of  salt  by  this  process. 

Cutlen  (Engl.  pat.  No.  88,  1892)  tries  to 
prevent  the  reuuiou  of  soda  and  chlorine  by 
drawing  off  the  chlorine  at  the  top,  while 
the  caustic-soda  solution  sinks  to  the  bot- 
tom by  its  own  specific  gravity  (7),    Brine 
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is  continuously  introduced  below  the  anode  and   carried    away 
above.     His  apparatus  is  shown  in  fig.  194. 

The  iron  tank  A  forms  the  cathode,  with  the  conductor  G.  The 
anode  C  is  contained  in  a  block  of  retort-carbon  P,  coated  with 
insulating  material  b  and  placed  at  the  bottom  of  the  earthenware 
diaphragm  B.  This  is  porous  only  in  its  central  portion  d ;  above 
and  below,  at  c  and  e,  it  is  glazed  and  non-porous.  Between  B  and 
the  bottom  of  A  space  is  left  for  collecting  caustic-soda  liquor, 
without  touching  the  diaphragm.  The  upper  part  of  the  inside  of 
A  is  coated  with  varnish  or  another  insulator/;  this  is  to  confine 
the  formation  of  NaOH  to  the  cathode-surface  below  /,  and  to 
keep  the  solution  of  NaCl  at  the  top  as  free  from  NaOH  as 
possible.  Tap  a  serves  for  drawing  ofE  the  caustic  liquor  from  C ; 
cover  D  and  pipe  E  are  connected  with  the  chlorine-pump. 

Le  Sueur  (Engl.  pat.  5983,  1891)  describes  the  following  appa- 
ratus : — A  large  tank  is  half-filled  with  the  solution  to  be  electro- 
lyzed.  One, two,  ormore  cylindrical  bellsare  placed  therein,  bottom 
upwards,  in  a  rather  slanting  position,  so  that  one  edge  is  a  little 
higher  than  the  other.  The  upper  part  of  the  bells  contains  a  large 
anode,  made  of  gas-carbon,  which  is  easily  raised  or  lowered.  The 
mouth  of  the  bell  is  covered  with  a  diaphragm  made  of  parch- 
ment-paper or  the  like,  and  just  below  is  the  cathode  made  of  wire 
gauze.  The  caustic  soda  is  formed  in  the  large  tanks;  the  hydrogen 
easily  escapes  from  the  lower  side  of  the  bell,  owing  to  its  in- 
clination, and  chlorine  is  obtained  from  its  top.  The  specification 
contains  detailed  descriptions  and  drawings  for  the  lutes,  for  the 
electric  connexions  which  permit  of  treating  each  bell  inde- 
pendently of  the  others,  for  the  attachment  of  the  diaphragms, 
the  carrying  away  of  the  gases,  and  so  on. 

A  further  patent  (No.  15050,  1891)  prescribes  reducing  the 
drawback  of  diffusion  or  leakage  from  the  anodes  into  the  cathode 
chamber  by  keeping  the  solution  within  the  anode  chamber  con- 
stantly at  the  same  composition,  for  which  object  hydrochloric 
acid  is  added  to  neutralize  any  NaOH  carried  in  by  dififusion. 

Le  Sueur's  process  is  described  by  Cross  and  Bevau  ( Journ.  Soc. 
Chem.  Ind.  1892,  p.  963).  The  electrolyzers  consist  of  an  iron 
tank  with  a  sloping  floor,  on  which  rests  the  cathode.  This  is 
formed  of  a  ring  of  iron  filled  with  several  pieces  of  iron-wire 
gauze.  Several  small  holes  are  drilled  in  the  top  part  of  the  ring 
to  allow  of  the  easy  escape  of  the  hydrogen.     The  floor  of  the 
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tank  is  also  sloped  for  this  purpose.     The  diaphragm  rests  on  the 
cathode.     It  consists  of  two  parts^  viz.,  a  sheet  of  ordinary  parch- 
ment-paper and  a  double  sheet  of  asbestos,  cemented  together  by 
means  of  coagulated  blood- albumen.    The  diaphragm  being  placed 
in  position,  the  inner  vessel  of  earthenware  is  placed  on  it,  and  by 
its  own  weight  makes  a  water-tight  joint.     There  are  usually  6 
to  12  electrolyzers  in  each  tank.     Inside   the   vessel   has   been 
previously  placed  the  anode.     This  consists  of  pieces  of  ordinary 
retort-carbon  imbedded  in  a  mass  of  lead,  through  which  electrical 
contact  is  obtained.     By  means  of  porcelain  lutes  any  one  electro- 
lyzer  can  be  electrically  disconnected  from  the  others  in  the  same 
tank.     The  cell  being  in  position,  a  saturated  solution  of  salt  is 
run  into  the  outer  vessel  until  it  reaches  just  above  the  upper  edge 
[of  the  inner  vessel?].     The  anode  section  is  filled  with  similar 
solution  to  a  level  about  half  an  inch  above  that  of  the  solution  in 
the  cathode  section.     The  object  of  this  is  to  prevent  any  trans- 
ference of  solution  from  the  outer  to  the  inner  vessel,  this  being 
more  harmful  than  the  reverse.    The  diaphragms  are  renewed 
every  48  hours ;  to  effect  this  the   whole  of  the  inner  vessels  in 
any  tank  are  simultaneously  raised.     [This  frequent  removal  of 
the  diaphragms  is  a  serious  objection  to  Le  Sueur^s  process.]     As 
the  carbon  of  the  anodes  wears  away,  they  are  lowered  by  screws, 
so  as  to  bring  them  as  near  as  possible  to  the  cathodes.     After 
working  from  6  to  8  weeks  the  anodes  have  to  be  renewed.    For  this 
purpose  the  cells  are  taken  to  pieces,  and  the  lead  is  melted  and 
recast.     When  the  electrolysis  has  been  continued  long  enough 
for  the  solution  of  caustic  to  reach  a  strength  of  about  10  per 
cent.,  the  liquor  is  run  away  and  the  alkali  precipitated  as  bi- 
carbonate.    [This  part  of  the  process  is  also  very  faulty  in  an 
economical  sense  !] 

Cross  and  Bevan  also  discuss  the  cost  of  the  process.  We  have 
referred  to  this  in  another  place  (p.  648) ;  here  we  have  only  to 
mention  that,  according  to  their  statement,  the  process  was  at  that 
time  (November,  1892)  in  operation  at  Rumford  Falls,  U.S.A.,  on  a 
scale  of  3  tons  bleaching-powder  per  diem,  and  that  a  small  experi- 
mental factory  was  in  operation  in  London.  Later  on  (Journ. 
Soc.  Chem.  Ind.  1894,  p.  453)  Cross  stated  that  the  Le  Sueur 
process  had  been  in  regular  work  for  two  years,  that  it  yielded  an 
efficiency  of  85  per  cent.,  and  that  the  difficulties  connected  with 
the  anodes  and  diaphragms  had  been  nearly  surmounted.     [For  all 
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that  the  Becessity  of  constantly  cbaoging  the  diaphragms,  and  the 
conTersioD  of  cauBtic  soda  into  bicarbonatej  must  be  considered  very 
ireak  points  of  this  process.] 

Rieckmann  (Germ.  pat.  60755)  describes  various  improTcments 
in  electrodes  and  other  parts  of  the  apparatus  (figs.  195  and  196). 
The  anodes  consist  of  retort>carbon,  of  which  a  number  of  pieces  ig 


Fig.  195. 


(iig.  195)  of  the  same  length  are  6xed  in  a  lead  plate  e^,  suspended  in 
anearthenwarebellB,  which  is  drawn  over  three  tubes  e,  d,  e,  fixed 
to  the  lead  pla  etCg  and  made  of  lead  pipe.     Exchangeable  pieces  jp 
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are  placed  between  the  top  of  the  bell  and  enlargements /fixed  to 
the  tubes.  When  the  electrodcB  are  worn  out,  the  pieces  g  are  re- 
placed by  others,  by  which  the  electrode  is  lowered  down  within 
the  bell.  The  tube  c  serves  at  the  same  time  for  carrying  away 
the  chlorine  through  pipe  A.  In  d  the  positive  conductor  y  is 
fixed  by  lead  being  cast  round  it ;  e  serves  for  the  passage  of  one 
of  the  limbs  of  a  siphon.  These  tubes  are  cemented  into  the 
openings  of  the  bell  with  asphalt  and  asbestos,  or  the  like.  The 
cathode  t^  consists  of  several  layers  of  wire  gauze,  set  in  the  ring 
*i,  connected  with  the  negative  conductor  «.  The  cathode  t^  is  in 
a  sloping  position,  one  side  resting  on  the  bottom  of  the  tank,  the 
other  one  on  block  x.  On  the  ring  ^^  a  diaphragm  r^  is  placed, 
made  of  asbestos  or  parchment -paper,  and  then  the  bell  B  is  put 
on.  The  edge  of  the  bell  fits  as  tightly  as  possible  on  b^  ;  the 
hydrogen  bubbles  also  act  in  making  the  joint  good  by  pressing 
the  diaphragm  against  the  edge  of  the  bell.  The  diaphragm  is 
placed  at  a  short  distance  from  the  anode,  which  causes  it  to  be 
less  acted  upon  by  the  chlorine.  The  bell  is,  by  means  of  the 
siphon,  filled  with  so  much  solution  of  salt  that  the  liquid  within 
is  a  little  above  the  level  of  the  liquid  in  tank  A;  this  pressure 
prevents  the  diaphragm  from  being  forced  inwards  by  the  pressure 
of  the  hydrogen  bubbles ;  it  also  serves  for  an  automatic  inter- 
ruption of  the  current.  The  glass  limb  /  of  a  8i|(hon  passes 
through  tube  ^  to  a  little  below  the  anode ;  the  outer  (leaden)  limb  m 
dips  into  the  vessel  n,  which  is  filled  with  brine  up  to  the  level  of 
the  liquid  within  the  bell.  The  weight  a  dips  into  n\  it  is  suspended 
from  lever  r,  which  is  connected  with  a  support  /  (fig.  196)  by 
means  of  the  pivot  «,  and  forms  the  anchor  of  a  horseshoe-magnet 
/?,  with  whose  metal  support  o  the  conductor^  is  connected.  One 
of  the  limbs  of  the  magnet  p  contains  a  depression  9,  filled  with 
mercury,  into  which  dips  a  pin  w^  fixed  to  the  anchor  part  of  lever 
r ;  the  latter  is  electrically  connected  with  the  respective  pole  by 
the  pin  s.  So  long  as  the  level  of  the  liquid  in  n  is  not  essen- 
tially changed  the  weight  does  not  act  and  the  circuit  is  closed ; 
but  if  the  liquid  in  the  bell  decreases,  e,  g,,  by  the  joint  of  the 
diaphragm  becoming  leaky  or  the  diaphragm  being  torn,  the 
siphon  begins  to  act ;  it  draws  liquid  from  n  into  the  bell,  and  the 
weight  now  pulls  at  lever  r  all  the  stronger  the  more  it  becomes 
exposed ;  at  last  it  pulls  the  anchor  off  and  lifts  the  pin  to  out  of 
the  mercury^  so  that  the  circuit  is  interrupted.     In  order  to  pre- 
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vent  the  chlorine  from  collecting  in  the  lever  /,  m,  this  is  prolonged 
at  the  junction  of  both  limbs  into  a  leaden  branch-pipe  k,  which 
communicates  with  a  gas-pipe. 

Kellner  (Engl.  pat.  5547^  1891)  describes  an  apparatus  similar 
to  a  filter-press,  consisting  of  a  number  of  frames  divided  by 
porous  diaphragms.  The  successive  frames  form  alternately 
anode  and  cathode  chambers^  with  outlets  for  the  liquid  in  opposite 
directions.  They  are  all  fed  by  a  common  channel  in  the  bottom, 
down  to  which  the  diaphragms  do  not  extend.  The  electrodes 
are  carbon  rods,  mounted  and  electrically  connected  so  that  they 
can  be  singly  removed  without  interrupting  the  work.  By  one  of 
the  side  channels  caustic-soda  solution,  by  the  other  chlorine  and 
chlorinated  liquor  are  constantly  removed. 

A  similar  filter-press  like  apparatus  is  described  by  Guthrie 
(Engl.  pat.  24276,  1893). 

Kellner  (No.  9346,  1892)  further  describes  an  iron  cathode 
trough,  with  partitions  cast  on  one  side,  not  reaching  quite  to  the 
other  side.  In  the  intermediate  spaces  are  glass  or  earthen* 
ware  frames,  containing  the  anodes  and  diaphragms.  The  whole 
space  between  the  diaphragms  is  filled  with  ground  coal,  in  which 
carbon  rods  or  plates  are  placed  as  anodes.  The  diaphragms  con- 
sist of  perforated  slate  or  glass,  so  arranged  that  the  holes  in  one 
diaphragm  correspond  to  solid  places  in  the  next. 

Blackman  (Engl.  pat.  19170,  1892)  utilizes  the  difference  of 
density  between  the  electrolyte  and  the  product  of  electrolysis  for 
separating  them.  The  electrolysis  takes  place  in  a  quickly  revolv- 
ing vessel,  in  the  central  part  of  which  an  outlet  for  chlorine  and 
another  for  hydrogen  are  fixed.  The  caustic  soda  separates  at  the 
cathoie  from  the  brine  (?),  forms  an  annular  layer  on  the  outside, 
and  by  a  small  opening  drops  into  a  tank.  The  iron  vessels  serve 
as  cathodes ;  the  anodes  are  made  of  carbon. 

Crauey  (Engl.  pat.  16822, 1 892 ;  9295  and  9297,  1893)  employs 
a  wooden  tank  with  a  tightly  fitting  cover,  the  bottom  of  which 
is  entirely  covered  with  an  indestructible  porous  substance,  as 
ground  slate  or  glass.  Partitions,  serving  as  cathodes,  divide  it 
into  compartments  in  such  manner  that  the  liquid  must  always  run 
above  one  and  below  the  next  compartment.  The  anodes  consist 
of  carbon,  and  are  enclosed  in  non-porous  stoneware  bells,  open 
below  and  projecting  into  the  porous  substance  ;  they  rest  on  the 
bottom  of  the  tanks  with  their  nicked-out  edges.    The  anodes 
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Fig.  197. 


may  also  consist  of  open  porcelain,  stoneware,  or  glass  tubes,  filled 
with  compressed  powdered  carbon.  The  electrolyte  circulates 
tlirough  tlie  porous  material  on  the  bottom  of  the  tank. 

The  best  form  of  Craney's  apparatus 
ia  shown  in  fig.  197.  The  anode  cliam- 
ber  13  consists  of  conical  parts  with 
outer  ribs,  so  that  on  their  being  placed 
one  into  another  projections  a  are 
formed.  The  upper  part  C  projects 
above  the  liquid.  Chamber  B  may 
also  be  made  of  a  single  pipe,  with 
openings  slanting  in  an  upward  and 
outward  direction.  Other  forms  of 
his  electrical  cells  are  shown  in  patents 
Nos.  11105,  11106,  11107,  11108, 
17127,  all  of  1893;  also  6126,  9761, 
9949,  of  1891. 

Roubertie,  Lapeyre,  and  Orenier  (Eng.  pat.  15113, 1892)  prepare 

NaOH  and  hydrochloric  acid  as  follows  : — A  tank,  lined  vith  glass, 

is  divided  by  a  partition  C,  fig.  198,  into  two  chambers  A  and  B, 

filled  to  the  lower  edge  of  C  with  powdered  salt;  two  pipes  £ 

Fig.  108. 


:^;: 


^J 


supply  both  chambers  from  below  with  saturated  brine.  A 
contains  the  negative  electrodes  F,  consisting  of  upright,  square, 
connected  plates.  B  contains  the  sloping  positive  electrodes  G  G', 
consisting  of  silvered  metal,  lead,  silvered  glass,  or  carbon.     A  ia 
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closed  air-tight  at  the  top ;  the  hydrogen  is  drawn  away  from  H 
by  pump  P  and  forced  into  the  positive  chamber  B,  where  the 
pipe  T  is  continued  into  a  perforated  cross-pipe^  from  which  the 
hydrogen  bubbles  rise^  following  the  slanting  electrodes  6  G^^  and 
combine  with  the  CI,  liberated  here,  to  form  HCl,  which  flows  away 
laterally  by  O.  At  the  negative  pole  the  soda  formed  is  carried 
upwards  by  the  hydrogen  and  flows  away  laterally  at  L ;  chamber 
A  can  be  emptied  hj  Li*  Or  else  brine  is  run  in  at  the  top 
and  the  caustic  liquor  is  drawn  off  at  the  bottom.  The  specification 
describes  some  other  apparatus  for  the  same  object. 

Andreoli  (Germ.  pat.  75033)  describes  an  apparatus  consisting 
of  a  shallow  basin  with  cross  chambers  at  both  ends  and  parallel 
rows  of  anode  and  cathode  cells  in  the  centre,  which  are  divided 
into  two  superposed  chambers,  in  such  manner  that  each  left-sided 
top  chamber  is  electrically  equivalent  to  each  right-sided  bottom 
chamber,  and  vice  versa.  The  liquor  is  made  to  circulate  syste- 
matically by  a  pump;  chlorine  and  hydrogen  are  drawn  ofl'  as 
they  are  liberated.  The  caustic  liquor  is  saturated  with  salt  only 
so  far  as  needful ;  the  chlorinated  liquor,  however,  is  kept  at 
unchanged  density  by  a  constant  supply  of  salt.  The  work  goes 
on  in  continual  rotation,  and  the  yield  of  CI  and  NaOH  is  stated 
to  be  nearly  quantitative. 

Faure's  apparatus  (Engl.  pat.  16262,  1892)  consists  of  porous 
brick  walls  with  non-porous  tops.  The  diaphragms,  likewise  made 
of  porous  bricks,  run  parallel  with  those  walls.  Each  two  elements 
are  separated  by  a  partition  of  loam,  carbon,  bitumen,  and  pebbles, 
converted  by  strong  heating  in  a  furnace  into  a  non-porous 
conducting  electrode.  These  elements  stand  on  a  water-tight 
insulating  foundation  of  flags,  coated  with  bituminous  loam.  On 
both  sides  of  the  electrodes  coke  is  piled  up,  which  protects  them 
against  the  destructive  action  of  chlorine  and  caustic  soda,  but 
which  gradually  consume  it.  The  cathodes  may  also  be  protected 
by  cast-iron  plates  cemented  upon  them.  In  order  not  to  obtain 
too  much  UOCl  together  with  chlorine  at  the  anode,  first  a 
solution  of  sodium  sulphate  or  siflphuric  acid  is  introduced,  and 
to  this  solution  during  the  electrolysis  an  alkaline  chloride  is 
gradually  added.  The  sulphui-ic  acid  becomes  concentrated  in  the 
anode  chambers  filled  with  coke,  forms  HCl  with  the  NaCl,  and 
this  drives  out  all  chlorine  from  the  hypochlorite.  The  solution 
of  salt,  before  entering,  is  heated  to  20°  or  30°,  and  in  the  bath 
itself  is  further  heated  by  the  electrolysis  to  60^,  which  produces 


WITHOUT  REDUCTION  TO  ALKALINE  METAL.  669 

the  evolution  of  the  chlorine  and  increases  the  conductivity  of  the 
liquid.  The  gases  consist  of  chlorine^  oxygen,  and  COg  (from  the 
coke).  They  are  passed  through  red-hot  coke,  in  order  to  convert 
the  CO2  into  CO^  which  does  no  harm  when  the  chlorine  is  em- 
ployed for  producing  bleaching-powder. 

The  apparatus  patented  by  the  Union  Chemical  Company  of  New 
York  (Engl.  pat.  23436, 1893)  as  usual  contains  an  iron  tank  serving 
as  cathode.  The  anodes  are  of  retort-carbon,  with  holes  drilled 
in  their  top  ends,  through  which  pass  carbon  pins,  coated  with 
paraffin  or  encased  in  glass  tubes,  serving  for  the  electrical  con- 
nexions. The  anodes  are  placed  vertically  on  an  insulating  base, 
resting  on  wire  gauze  at  the  bottom  of  the  tank ;  they  are  covered 
by  a  stoneware  bell  for  collecting  the  chlorine,  which  may  be 
drawn  off  by  an  exhauster. 

Hargreaves  and  Bird  (Engl.  pat.  18871,  1892;  5197  &  18173, 
1893)  employ  cells  with  a  horizontal  porous  diaphragm  (described 
in  Chapter  XXX.,  specially  treating  of  these),  containing  on  the 
cathode  side  only  so  much  liquid  as  penetrates  through  the 
diaphragm,  or  is  introduced  as  a  spray  for  the  purpose  of  washing 
off  the  carbon.  The  anodes  consist  of  carbon.  The  solution  of 
salt  is  supplied  at  one  side  to  the  anode  chamber,  constructed  of 
stoneware  and  situated  above  the  cathode  chamber,  and  the  liquid 
is  run  away  at  the  other  side  ;  the  chlorine  is  carried  away  at  the 
top.  The  liquid  runs  across  the  diaphragm  and  yields  caustic 
soda  on  its  lower  side.  The  lower  (cathode)  chamber  consists  of  a 
cast-iron  tank  with  steam-pipe  and  outlet-pipe  for  the  caustic 
solution  formed.  The  steam  introduced  here  constantly  washes  off 
the  caustic  soda  from  the  diaphragm,  and  the  heating  produced 
also  promotes  the  process.  Instead  of  steam  a  spray  of  water 
may  be  applied,  or  else  moist  air  or  moist  carbonic  acid,  e.g.  from 
a  hot-air  engine ;  in  the  latter  case,  of  course,  carbonate  or 
bicarbonate  is  produced.  In  order  to  prevent  polarization,  the 
cathode  may  be  covered  with  metallic  oxides,  or  with  a  catalytic 
substance,  as  platinum,  in  connexion  vrith  oxygen  or  a  substance 
yielding  oxygen.  Their  German  patent.  No.  83527,  describes  a 
cheaper  form  of  the  apparatus.  The  December  number  of  the 
'Journal  of  the  Society  of  Chemical  Industry,^  1895,  contains 
a  paper  on  this  process,  by  Mr.  James  Hargreaves,  with  a  very 
interesting  discussion. 

Blackmore  (Engl.  pat.  23913,  1893)  employs  three  cells,  two 
containing  at  first  water,  the  third  a  solution  of  salt ;  the  latter  is 
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placed  in  the  centre,  at  a  lower  level,  and  contains  a  smaller  depth 
of  liquid ;  it  is  divided  from  the  lateral  water-cells,  containing 
the  electrodes,  by  porous  or  "dialyzing"  diaphragms,  so  that  the 
electrolyte  cannot  get  into  these  higher  water-cells,  which  later  on 
also  contain  a  weak  solution  of  the  electrolyte. 

Jorgensen's  apparatus  (Engl,  pat.  5721,  189-1}  is  U-shaped, 
with  a  porous  diaphragm  in  the  lower  bend,  and  electrodes  extend- 
ing downwards  within  the  limbs. 

The  Farbwerke  vorm.  Meister,  Lucius,  and  Briining  (Germ.  pat. 
73651)  introduce  the  electrolyte  between  the  electrodes,  in  such 
manner  that  it  divides  iuto  two  streams,  right  and  left,  in  a  plane 
of  at  least  the  same  surface  as  that  of  the  electrodes,  and  is 
carried  away  from  the  outside  of  the  electrodes.  The  liquid  may 
be  supplied  by  a  set  of  pipes  so  that  the  division  into  two  currents 
takes  place  only  when  issuing  in  the  space  between  the  electrodes, 
or  else  separately  by  two  sets  of  pipes,  one  for  each  electrode. 
The  latter  is  preferable,  if  the  drawn-off  liquid  is  to  be  intro- 
duced again  into  the  decomposing  cell,  without  separating 
the  products  of  decomposition.  In  both  cases  two  separated 
currents  of  liquid  are  formed,  which  move  away  from  each  other 
towards  the  electrodes.  Thus,  in  fig.  199,  the  liquid  runs  from  a 
reservoir  into  the  cell,  and  under  pressure   through   the   small 


Fig.  199. 


pipes  r,,  T-j .  .  .,  r„  arranged  between  the  electrodes  one  above  the 
other,  and  provided  with  openings  pointing  upwards  to  the  right 
and  left;  it  runs  off  through  pipes  K|  and  R^,  arranged  on  the 
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outside  of  the  electrodes,  and  pierced  with  mauy  small  holes  all 
aloD^.  From  these  it  flows  into  two  tanks,  is  pumped  into 
reservoirs  placed  on  a  higher  level,  and  is  again  brought  to  the 
former  concentration.  Pig.  200  shows  a  similar  arrangement  with 
hollow  troughs,  provided  with  small  holes  all  along.  Fig.  201 
shows  an  arrangement  in  which  two  separate  sets  of  pipes  are 
provided.  The  small  pipes  are  arranged  one  above  another  as  close 
as  possible;  the  interstices  may  be  filled  up  by  osmotic  layers. 
Preferably  the  electrolyte  is  run  through  decomposing  cells  placed 
in  steps  one  above  another. 

The  Societe  Outhenin  Chalandre  Fils  et  Cie.  (Engl.  pat.  15906, 
1893)  describes  an  apparatus  in  which  the  iron  cathodes  project 
horizontally  into  the  partition  towards  the  anode  chamber.  The 
cathode  chamber  is  fed  with  water  in  order  to  avoid  any  contami- 
nation of  the  caustic  liquor  with  common  salt.  The  specification 
describes  all  details  of  the  apparatus  with  great  minuteness. 

Hurter,  Auer,  and  Muspratt  (Engl.  pat.  19791,  1893)  arrange 
the  anodes  in  a  bell,  below  the  lower  edge  of  wliich  at  a  certain 
distance  plates  of  non-conducting  material  are  fixed  so  that  they 
project  on  all  sides  over  that  edge,  and  prevent  the  hydrogen  given 
oflP  at  the  bottom  of  the  outer  cathode  vessel  from  penetrating 
into  the  anode  chamber.  [According  to  Zschr.  f .  Elektrotechnik 
und  Elektrochemie,  1894,  p.  301,  Jabloshkoff  had  proposed  a  cell 
of  exactly  the  same  construction  for  the  electrolysis  of  fused  salts 
ten  years  ago.] 

Drake  (Engl.  pat.  11644,  1894)  surrounds  a  porous  crucible, 
standing  in  an  iron  vessel,  with  amalgamated  copper-wire  gauze, 
serving  as  cathode.  The  solution  of  salt  is  placed  in  the  crucible 
and  water  in  the  outer  space. 

Carmichael  (Engl.  pat.  8061,  1894)  describes  a  number  of 
conditions  for  electrolysis,  which  he  formulates  in  not  less  than 
thirty  claims. 

Roberts  (Engl.  pat.  20111,  1892,  and  13358,  1894)  employs  an 
iron  vessel  as  cathode ;  the  carbon  anode  is  placed  in  a  porous 
earthenware  vessel  filled  with  solid  salt ;  a  long  tube  provides  a 
constant  supply  of  more  salt.  On  the  outside  there  is,  within  a 
bag  made  of  wire  gauze  or  asbestos,  a  gelatinous  diaphragm, 
consisting  of  ground  coal,  solution  of  silicate  of  soda,  25°  to  30^ 
Baume,  and  2  or  3  per  cent.  NaOH ;  the  latter  is  to  prevent  the 
coagulation  of  the  silica  by  the  impurities  of  the  coal. 
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Gall  and  Montlaur  (French  patent  240697)  describe  the  follow- 
ing electrolytic  apparatus : — In  a  trough  are  placed  from  end  to 
end  horizontal  porous  pipes ;  the  anodes  are  arranged  inside^  the 
cathodes  outside  these  pipes,  and  the  current  is  thus  eflSciently 
divided.  The  liquid  enters  at  one  end  of  the  tube  from  below, 
and  the  gas  escapes  through  the  dome-shaped  top.  Or  else  closed 
cylinders  are  employed  as  negative  compartments,  within  which 
are  placed  vertical  porous  tubes. 

Hulin  (Engl.  pat.  11587,  1894)  employs  porous  electrodes,  only 
one  surface  of  which  is  active  ("  electrofilters  "),  the  electrolyte 
being  kept  between  them  under  pressure.  On  the  passage  of  the 
current  the  ions  migrate  through  the  electrodes,  caustic  soda 
collecting  in  one  and  hydrochloric  acid  in  the  other  of  the  out- 
side compartments^  the  electrolysis  requiring  a  voltage  of  only 
lvolt[?]. 

Thofehrn  (Engl.  pat.  No.  7994,  1894)  employs  an  apparatus  in 
which  the  CI  and  H  evolved  during  the  electrolysis  may  be  partly 
carried  away  mixed  (e.  g.  to  produce  HCl),  partly  separate.  For 
this  purpose  a  screen  is  interposed  between  the  two  electrodes, 
which  are  arranged  one  above  the  other;  below  this  screen  a 
portion  of  the  gases  is  caught  and  conducted  outside  the  appa< 
ratus.  According  to  the  width  of  this  screen,  which  is  so  con* 
structed  that  it  can  be  easily  exchanged  for  another^  more  or  less 
gas  will  be  caught. 

Solvay  (Germ.  pat.  80663)  works  without  separation  of  the  two 
gases  formed  in  electrolysis,  chlorine  and  hydrogen.  The  presence 
of  hydrogen  is  not  prejudicial  to  the  absorption  of  chlorine  by 
lime;  if  a  continuous  mechanical  apparatus  (p.  468)  is  employed, 
the  danger  of  explosion  is  in  this  case  very  slight.  He  prefers  a 
revolving  drum,  fixed  in  an  inclined  position,  with  screw-shaped 
ribs  inside.  The  mixture  of  gases  is  rendered  less  explosive  by 
adding  to  it  the  pure  hydrogen  remaining  from  a  previous  opera- 
tion ;  in  this  case  even  ordinary  bleaching-powder  chambers  may 
be  employed.  If  hypochlorites  are  to  be  manufactured  in  the  wet 
way,  the  mixture  of  H  and  CI  may  be  directly  employed.  The 
advantage  is  that  in  constructing  the  electrolytical  apparatus  there 
is  no  trouble  in  keeping  it  gas-tight  outside  the  liquid. 

Straub  (Germ.  pat.  73662)  heats  and  cools  the  solutions  in  the 
bath  itself  by  the  electrodes.  For  this  object  either  the  electrode- 
plates  are  attached  to  closed  frames^  which  are  filled  inside  with 
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the  electrolyte  and  dipped  in  hot  or  cold  water ;  or  else  the  elec- 
trodes are  made  hollow  and  the  heating-  or  cooling-water  is  made 
to  circulate  inside. 

Gautier  (Engl.  pat.  10032^  1894)  provides  means  for  cooling 
the  electrodes  so  that  the  temperature  of  the  cell  may  be  kept  down 
to  that  of  the  best  working  conditions.  This  is  effected  by  causing 
the  liquid  to  be  electrolyzed  to  pass  through  pipes  contained  in  the 
positive  electrode,  while  the  negative  electrode  is  caused  to  revolve 
and  is  cooled  by  the  circulation  of  water  through  it. 

Production  of  Sodium  Sulphate  and  Chlorine. 

Parker  and  Robinson  (Engl.  pat.  2310,  1889)  place  in  the  anode 
space  a  half-satumted  solution  of  NaCl,  in  the  cathode  space  a 
solution  of  FeSO^.  On  the  passage  of  the  current  chlorine  is 
produced  at  the  anode,  metallic  iron  and  sodium  sulphate  at  the 
cathode. 

Utilizing  Nitre-Cake  by  Electrolysis. 

Darling  (Engl.  pat.  12316,  1895)  places  a  solution  of  nitre- 
cake  in  the  two  outer  (negative)  cells  of  a  tripartite  trough,  and  a 
solution  of  brine  in  the  central  (positive)  compartment.  On 
electrolyzing  the  latter  the  sodium  passes  through  the  porous 
partitions  into  the  outer  compartments,  thus  converting  the  nitre- 
cake  into  normal  sodium  sulphate,  and  the  chlorine  gas  escapes 
from  the  central  cell  in  the  usual  way. 

Further  Treatment  of  electrolytically  obtained  Solutions  of 

Caustic  Soda, 

The  separation  of  electrolytically  obtained  NaOH  from  unde- 
composed  NaCl  is  effected  by  Kellner  (Engl.  pat.  9347,  1892)  as 
follows : — ^The  solution  is  conveyed  by  a  pipe  into  a  "  precipitating- 
apparatus,''  in  which  it  is  boiled  down  in  order  to  get  the  sodium 
chloride  to  crystallize  out.  The  pasty  mass  thus  obtained  is  put 
into  a  displacing  apparatus^  provided  with  a  false  bottom  covered 
with  wire  gauze.  A  quantity  of  solution  of  sodium  chloride  is 
added,  corresponding  in  volume  to  the  caustic  liquor  mechanically 
retained  by  the  salt.  The  displaced  caustic  liquor  runs  into 
another  vessel,  where  it  is  again  boiled  down ;  the  caustic  liquor 
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retained  by  the  salt  separating  here  is  again  displaced^  and  this 
is  continued  until  the  necessary  strength  has  been  reached. 
Additions  to  this  are  made  by  patents  Nos.  27541  and  25368^ 

1894. 

Browne  and  Guthrie  (Engl.  pat.  8907,  1893)  mix  the  electro- 
lytically  obtained  caustic  liquor  with  sodium  bicarbonate  from  the 
ammonia-soda  manufacture  which  has  been  deprived  of  ammonia 
and  part  of  its  CO3  by  heating.  The  proportions  are  chosen  in 
such  a  way  that  NaaCOs  is  formed.  To  this  2  per  cent.  Na^S04 
and  a  little  bleaching-powder  is  added  (to  oxidize  any  colouring- 
substances),  the  solution  is  brought  to  26  per  cent.  NajCOs,  allowed 
to  settle  and  to  crystallize  by  cooling. 

Haussermann  mentions,  as  a  matter  of  course,  that  the  electro- 
lytically  obtained  liquor  is  concentrated  in  multiple-effect  pans, 
preferably  such  as  admit  of  mechanically  withdrawing  the  salt 
crystallizing  out.  The  liquor,  being  thus  concentrated  to  spec, 
gray.  1'45,  is  finished  in  an  ordinary  caustic  pot  (comp.  above, 

p.  652). 

Solvay  &  Co.  (Engl.  pat.  14987,  1894)  precipitate  from  the 
electrolyzed  solution  the  chloride  by  means  of  a  solution  of  caustic 
soda  of  n^  Twaddell.  The  magma  thus  obtained,  which  is  difficult 
to  filter,  is  placed  in  a  steam-jacketted  vessel  with  a  perforated 
false  bottom  and  heated  to  100^ C.  (which  is  essential).  A  satu- 
rated solution  of  soda  is  then  introduced  at  the  top,  and  this 
mechanically  displaces  the  caustic  liquor,  which  is  drawn  off  at 
the  bottom. 

II.  Promotion   of  the  Electrolysis  of  Sodium   Chloride  by 

CONVERTING     THE     SoDIUM     HyDRATE     INTO     CaRBONATE    OR 

OTHER  Compounds. 

The  electrolysis  of  an  aqueous  solution  of  sodium  chloride  does 

not  proceed  to  a  complete  decomposition  into  NaOH  and  CI, 

because,  to  begin  with,  the  current  acts  also  upon  the  sodium 

hydrate  formed.     It  is  true  that  the  heat  of  formation  of  NaOH 

(in  aqueous  solution)  from  Na,  H,  and  O  is  112*1,  against  only 

96'2  for  Na,Cl  in  solution ;  the  contrary  assertion  made  in  the 

German  patent  of  Hermite  and  Dubosc,  No.  66089,  is  quite  wrong, 

155*2 
as  they  calculate  with  the  heat  of  formation  of  Na3,0= — - — . 

It  is  therefore  wrong  to  say,  as  they  do,  that  a  current  whose 
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tension  suffices  for  decomposing  NaCl  must  also  decompose  the 
product^  since  this  product  is  not  Na^O,  but  NaOH.  Still  it  is 
not  possible  to  regulate  the  current  so  that  it  can  decompose  only 
NaCl  but  not  NaOH;  this  by  itself  is  a  good  reason  for  approving 
of  the  efforts  to  remove  the  NaOH  formed  as  quickly  as  possible 
from  the  reach  of  the  electrolytic  force. 

Most  of  the  proposals  in  this  direction  tend  to  convert  the 
NaOH  by  a  supply  of  CO2  into  carbonate  or  bicarbonate^  which 
are  insoluble  in  concentrated  solution  of  common  salt  and  are 
thus  withdrawn  from  the  action  of  the  current.  But  we  shall  see 
that  this  can  be  attained  also  in  other  ways. 

W.  Hempel  (Ber.  deutsch.  chem.  Ges.  1889,  p.  2475)  starts 
from  the  fact  that  the  electrolysis  of  chlorides  cannot  be  com- 
pletely achieved,  because  the  products,  after  accumulating  to  a 
certain  extent,  are  themselves  decomposed  by  the  current.  This  is 
not  so  if  substances  of  small  solubility  are  formed.  This  fact  had 
been  previously  utilized  for  the  production  of  potassium  chlorate 
[not  of  sodium  chlorate,  as  he  erroneously  adds,  this  salt  being  too 
soluble] ,  and  Hempel  endeavoured  to  utilize  the  small  solubility  of 
sodium  carbonate  and  bicarbonate  in  saturated  solutions  of  NaCl 
for  the  same  purpose.  (He  was  not  aware  that  Marx  had  proposed 
this  before  him,  as  we  shall  see.)  He  constructed  an  apparatus 
in  which  CO3  could  be  introduced  during  the  process,  and  he 
states  that  the  work  can  be  conducted  so  as  to  form  on  the 
one  hand  chlorine,  on  the  other  crystallized  sodium  carbonate. 
[From  his  description  we  cannot  see  that  he  had  convinced 
himself  of  the  latter  fact;  probably  by  his  process  principally 
bicarbonate  is  formed,  and  a  corresponding  amount  of  CO3  is 
consumed,  as'  supposed  by  Marx  from  the  outset.]  He  rightly 
points  out  that  the  action  of  the  **  liquid  diaphragms  *^  patented 
by  Marx  must  be  very  imperfect.  He  found  that  clay  cells 
were  too  quickly  stopped  up;  parchment-paper  and  animal  skin 

•do  not  resist  the  chemical  action ;  asbestos,  in  the  shape  of  ordi- 
nary asbestos  cardboard,  after  a  few  days  became  soft  and  useless. 

But  the  latter  material  turned  out  to  be  excellent  when  used 

in  such  manner  that  no  deformation  could  take  place.    Figs.  202 

and  203  show  the  arrangement  of  HempePs  laboratory  apparatus, 

which,  as  he  thinks,  could  be  easily  carried  out  on  the  large  scale 

with  an  iron  cathode  vessel.     The  cathode  is  a  perforated  piece  of 

sheet-iron,  the  anode  a  thin  perforated  carbon  disc.    The  holes  are 

2x2 
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about  4  millim.  wide  aod  bored  ia  an  upward  slaatinft  direction, 
BO  that  the  gas-bubbles  cau  easily  escape.  Both  electrodes  ar& 
circular ;  the  margin  is  not  perforated  for  3  centimetres,  so  as  to 
allow  of  making  a  tight  joint  there.  The  diaphragm  is  a  sheet  of 
ordiuary  asbestos  cardboard,  placed  between  the  iron  and  carbon 
disc.  Thus  the  electrodes  can  be  brought  within  I  millimetre, 
which  greatly  reduces  the  resistance,  and  the  asbestos  is  so 
well  supported  that  it  is  never  torn  up  by  the  liquid;  after 
eight  days  and  nights  continuous  work  it  seemed  to  be  quite 
intact. 


Fitr.  202. 


Fig.  203. 


Chambers  are  formed  on  each  side  of  the  electrodes  by  por- 
celain rings  a  and  glass  discs  b,  with  india-rubber  washers  to  make 
the  joints,  the  whole  being  kept  together  by  screw  damps  not 
shown  in  the  diagram.      In  the  glass  disc  belonging  to  the  anode 


CONVERTING  THB  SODA  INTO  CARBONATE.  677 

chamber  a  hole  is  drilled  in  which^  by  means  of  an  india-rubber 
ring,  a  wide  glass  tube  c  is  fixed.  The  glass  pipe  d  carries  away 
the  chlorine;  pipe  e  serves  for  introducing  the  COj.  Through  c 
fresh  sodium  chloride  is  added;  the  water  consumed  is  also 
replaced.  The  sodium  carbonate  is  from  time  to  time  removed 
from  the  cathode  cell^  and  the  apparatus  works  quite  continuously. 
It  is  preferable  to  work  at  the  ordinary  temperature^  on  account 
•of  the  greater  solubility  of  the  sodium  carbonate  at  higher 
temperatures^  although  these  would  be  better  for  the  electrical 
decomposition.  The  apparatus  requires  a  tension  of  3*2  volts 
for  decomposing  the  NaCl  [?]  and  2*5  volts  for  overcoming  the 
polarization^  together  5*7  volts.  With  a  current  of  1*73  ampferes, 
produced  by  ordinary  Bunsen  cells,  0*930  gram  chlorine  per  hour 
was  produced.  Calculating  a  H.P.  =  680  watts,  a  dynamo  would 
have  produced  64*5  grams  chlorine  and  259*8  grams  NajCOs^ 
10  HjO  per  horse-power  hour. 

Hempel's  paper  has  no  direct  practical  application,  since  it  is 
economically  wrong  to  convert  a  more  valuable  product,  caustic 
soda,  by  means  of  carbonic  acid  (always  costing  something,  even  if 
employed  as  lime-kiln  gas)  into  a  much  less  valuable  product,  viz., 
«oda  crystals  or  crude  bicarbonate.  Nor  is  his  apparatus  fit  for 
reproducing  on  the  large  scale;  the  anode  chamber  cannot  be 
made  of  iron,  and  any  other  material  is  not  easily  applicable  for  the 
lateral  position  in  his  apparatus.  The  object  could  be  attained  by 
placing  in  an  iron  tank^  serving  as  cathode  chamber,  two  such 
•combinations  of  iron  and  porcelain  plates  as  used  by  Hempel, 
with  the  porcelain  part  inside  and  the  iron  outside;  the  central 
4Bpace  would  then  be  the  anode  chamber.  His  arrangement  of  an 
asbestos  diaphragm,  with  a  very  small  distance  between  the 
electrodes,  appears  to  be  very  good  and  easily  carried  out  on  the 
large  scale.  The  voltage  he  observed  was  certainly  excessive^  and 
would  not  allow  of  economical  work,  but  on  the  large  scale  it 
would  be  quite  difierent. 

Marx  (Engl.  pat.  6417,  1887;  2367,  1888)  also  applies  the 
saturation  of  the  NaOH  by  CO^  in  order  to  exclude  the  action  of 
the  current  on  the  former.  Another  part  of  his  invention, 
considered  by  him  as  very  important,  is  the  separation  of  the 
xinode  and  cathode  space  by  a  layer  of  liquid,  prevented  by  a  grate 
or  tissue  from  quickly  mixing  with  the  other  liquids,  which  greatly 
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diminishes  the  resistance.  Laterally  pierced  supports  contain  the 
common  salt,  T?hich  gradually  dissolves  and  keeps  the  liquid  always, 
at  the  same  concentration.  In  the  cathode  chamber  CO^  is 
introduced  by  a  pipe  pierced  with  many  holes,  in  such  quantity 
that  the  soda  is  precipitated  as  bicarbonate,  which  is  removed  by  a 
conveyjng  screw  and  a  chain  of  buckets.  The  liquid  employed  as 
'  liquid  diaphragm "  is  a  solution  of  salt  with  lime  suspended 
therein,  which  prevents  the  passage  of  CO3  into  the  anode  space. 
The  sodium  carbonate  is  to  be  decomposed  in  the  usual  manner, 
or  preferably  to  be  converted  into  carbonate  by  quickly  mixing  it 
with  caustic  liquor;  in  this  case  the  carbonate  is  not  at  once 
dissolved,  and  can  be  separated  from  the  mother  liquor  by  a 
centrifugal  machine  [this  would  yield  a  very  impure  product!]  ; 
or  it  is  converted  by  a  milk  of  magnesia  into  a  double  salt,  which 
is  afterwards  decomposed  by  boiling  and  evaporation. 

Later  on,  Marx  describes  a  tank  with  two  inner  osmotic 
diaphragms ;  within  this  osmotic  chamber  the  chlorine  and  caustic 
soda,  entering  by  diffusion,  are  to  combine  to  a  bleaching-solutioa 
of  sodium  hypochlorite;  after  being  used  for  bleaching  purposes, 
and  converted  thereby  into  chloride,  it  is  re-conducted  into  the 
anode  chamber.  Chlorate  can  also  be  obtained  in  this  way  in 
the  osmotic  chamber  in  a  solid  state. 

In  his  last  patents  (No.  6264,  1890;  3738,  1891)  Marx 
describes  a  peculiar  arrangement  of  the  decomposing-vessel,  in 
which  all  diaphragms  are  avoided  by  placing  the  electrodes  one 
above  another,  leaving  above  and  below  each  electrode  an 
electrically  inactive  space.  Each  electrode  of  the  lower  series  is 
placed  just  below  the  space  between  two  of  the  upper  electrodes, 
and  vice  versa.  The  spaces  between  the  equivalent  electrodes 
are  filled  with  a  chemically  inactive  insulator,  so  that  the  liquid 
can  only  touch  the  electrodes  in  a  thin  lateral  layer.  Since 
this  arrangement  is  novel  and  interesting,  it  is  shown  here  in 
figs.  204  and  205.  a  are  the  lower  electrodes,  connected  one 
with  another  like  the  teeth  of  a  comb,  and  at  the  same  time 
serving  as  containing  vessel;  they  are  separated  by  insulating 
straps  b^  so  that  the  liquid  is  able  to  flow,  but  no  electrolytical 
action  can  take  place  between  the  electrodes  c  suspended  above 
in  the  junctions.  The  upper  electrodes  c  rest  by  means  of  pro- 
jections d  on  the  bearers  e,  which  allow  of  their  being  adjusted; 
they  consist  of  single  rods,  whose  interstices  c  communicate  with 


CONTERTINB  THE  BODA  INTO  CARBONATE.  679 

a  common  chamber/,  possessing  outward  openingfa  g.  The  inso-t 
lating  layer  A  between  the  upper  electrodes  possesses  also  outlet 
opeuiugs  i.    The  electrodes  a  with  the  insulating  walls  b  rest  in  a 


-^M 

^^^W 

t, 

-^ 

P^P?^^^^^^^ 

9s  ll^Biliiiihi.l'^ 

"5. 

^L 

frame,  provided  with  a  furrow  /  runmug  all  round  ;  this  furrow  is 
filled  with  water,  and  serves  as  hydraulic  lute  for  the  upper  section 
of  electrodes,  c,/,  A,  fixed  in  the  frame  m.  The  electrodes  a  are 
so  arranged  that  the  electrolyte  can  run  backwards  and  forwards, 
and  ultimately  issues  outside,  during  which  the  insulating  walls  b 
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are  washed  over  by  the  liquid  reaching  up  to  the  dotted  line  p  g. 
The  hydrogen  given  o£P  at  the  cathodes  is  carried  away  by  t; 
the  chlorine  evolved  at  the  anodes  c  and  collecting  in  the 
chamber  /  is  carried  away  by  g,  the  latter  by  means  of  aa 
aspirator.  This  action,  as  well  as  the  fact  that  the  chlorine  has  to 
pass  through  a  very  thin  layer  of  liquid^  gives  it  very  little 
opportunity  for  being  re-absorbed.  The  projections  A'  of  the 
insulating  mass  prevent^  without  a  diaphragm,  any  mixture  of  the 
gases  evolved  at  a  and  c.  In  spite  of  this  arrangement  there  is 
still  a  slight  reunion  of  chlorine  and  alkaline  hydrate,  which 
causes  a  loss  of  chemical  substance^  and  in  consequence  of 
polarization  an  extra  consumption  of  current.  In  order  to 
counteract  this,  an  apparatus  r  is  laterally  attached  to  the  de- 
composing vessel;  it  is  shown  in  fig.  205  in  section  at  right 
angles  to  the  plane  of  the  paper.  The  electrolyte  runs  through 
the  pipe  o  into  the  stand-pipe  (/,  open  at  top  and  bottom,  from 
this  into  tank  «,  and  from  this  through  the  overflow  /  over  the 
inclined  plane  u  into  tank  «',  from  which  it  flows  by  pipe  n  into 
the  next  electrolytic  cell,  and  from  the  last  of  these  into  the  place 
where  it  is  consumed.  The  inclined  plane  u  is  interrupted  by  the 
cross  ribs  u',  which  detain  the  liquid  and  produce  a  good  mixture. 
The  top  of  the  apparatus  is  closed  by  the  cover  r,  which  is  pierced 
by  the  necks  t/  and  v/\  by  which  carbonic  acid  is  passed  in,  being 
prevented  from  escaping  by  the  hydraulic  lutes  at  *  and  ^.  The 
COg  converts  the  NaOH  into  carbonate,  and  produces  from  the 
hypochlorite  free  HOCl.  On  flowing  into  the  next  electrolytic  cell 
the  decomposition  of  the  chloride  progresses,  the  free  HOCl  being 
converted  into  hypochlorite  by  the  newly  formed  alkali.  The 
liquor  issuing  from  the  last  apparatus  is  treated  with  more  CO^,  in 
order  to  precipitate  the  alkali ;  by  adding  salt  it  is  brought  to  the 
initial  concentration,  and  is  again  submitted  to  electrolysis. 
If  a  bleach-liquor  is  to  be  prepared,  the  chlorine  is  not  removed  by 
aspiration,  which  promotes  the  formation  of  hypochlorite;  on 
subsequent  treatment  with  CO2  much  HOC!  is  foimed,  and  after 
carrying  out  the  bleaching-process  this  HOCl  is  always  regenerated 
in  the  electrolytic  bath. 

Craney  (Engl.  pat.  9979,  1894)  also  describes  an  apparatus  for 
electrolyzing  a  solution  of  NaCl  while  passing  CO2  through  the 
liquid. 

Spilker  and  Lowe  (Engl,  pat.  14494,  1887)  believe  that  caustic 
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alkalt,  "  almost  entirely  free  from  ehloride,"  and  free  chlorine  are 

obtained  as  follows: — The  alkali  within  the  iron  cathode  vessel  is 

continaoasly  increased  by  keeping  the  liquid  within  the  anode 

space  (formed  by  a  porous  earthenware  vessel)  alkaline  bj  means  of 

hydrated  lime  or  magnesia.     Subsequently,  together  with  Knofler 

((lenn.  pat.  19627),  they  patent  the  apparatus  shown  in  Sg.  206. 

The   cathode  is  formed   by   the  iron  pig,  206. 

vessel  K,  coated  with  lead;  in  this  are 

suspended  porous  earthenware  cells  D 

with  the  anodes  A.     A  number  of  such     __ 

baths  are  placed  in  steps,    with   the  -f=  = 

overflow  pipes  r,  through  which  pass 

also  the  gas-pipes  u  coming  from  the 

anodes.     The  hydraulic  lutea  at  k  and 

d  make  a  gas-tight  joint  at  the  top. 

The  anode  cover  o  is  pierced  for  the 

anode  A,  which  is  cemented  in  it  so  as 

to  be  gas-tight,  and  projects  far  enough 

to  be  connected  with  the  conductor  of 

the  current. 

Later  on,  Spilker  and  Lowe  found  it  preferable  to  keep  caustic 
only  in  the  anode  space;  ihe  cathode  space  is  to  contain  a 
"  neutral  or  slightly  acid  "  hot  solution,  which  is  produced  by  a 
current  of  carbonic  acid.  If  the  anode  space  contains  NaCl  and 
the  cathode  space  Na,CO|,  the  decomposition  takes  place  as 
follows : — 

Na,Co,  + 2(CO,  +  Na,0) -I- 2  NaCl  4- H,0- 
cBthode.  anode. 

3Na,C0s  +  H,         -)-2Ci. 
cathode.  anode. 

The  anode  space  loses  its  sodinm  by  osmosis,  with  evolution  of 
chlorine;  the  Na  in  the  cathode  space  forms  neutral  carbonate 
with  the  sesquicarbonate,  with  evolution  of  hydrogen.  Id  the 
beginning  of  the  decomposition  the  bulk  in  the  anode  space 
decreases,  that  in  the  cathode  space  increases.  At  a  certain  rate 
of  concentration,  viz.,  when  the  proportion  of  the  carbonate  is 
equivalent  to  that  of  the  chloride,  the  concentration  of  the  cathode 
space,  produced  by  Na,  COj,  no  longer  increaaea  by  electrolysis, 
only  the  bulk  increases,  exactly  corresponding  to  the  amperage — 
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if,  for  instance,  a  solution  of  15*5  per^cent.  NajCOs  is  in  the  cathode 
space,  and  a  solution  of  18  per  cent.  NaCl  in  the  anode  space.  On 
the  large  scale  this  is  to  be  carried  out  so  that  a  number  of  baths 
are  placed  in  steps,  the  anodes  being  connected  with  anodes,  the 
cathodes  with  cathodes.  Into  the  cathode  space  of  the  top  bath  a^ 
current  of  carbonic  acid  is  continuously  introduced,  into  the  anode 
space  of  the  same  bath  a  stream  of  fresh  salt  solution,  and  firom 
the  bottom  bath  a  continuous  stream  of  carbonate  flows  out,  which 
is  worked  for  crystal  soda,  while  the  chlorine  issues  from  the 
cathode  space  of  the  same  bath. 

Their  patent  No.  47592  is  carried  further  by  Germ,  patent 
No.  64671,  taken  out  by  the  Vereinigte  chemische  Fabriken, 
Leopoldshall.  If  as  anode  liquid  potassium  chloride  is  employed^ 
made  alkaline  by  lime  &c.,  as  cathode  liquid  caustic  potash,  the 
parchment-paper  diaphragms  are  quickly  spoilt  by  hypochlorite. 
If,  however,  we  add  to  the  anode  liquid  from  the  first,  besides 
KCl,  about  2  per  cent,  calcium  or  magnesium  chloride,  there  ia 
soon  formed  on  the  parchment-paper  a  firmly  adhering,  uniform 
coating  of  lime,  magnesia,  and  oxychlorides,  which  counteracts 
the  action  of  the  hypochlorite.  If  the  coating  has  reached  a 
thickness  of  ^  inch,  the  supply  of  lime  to  the  anode  liquor  is 
reduced  by  about  20  per  cent.,  whereupon  the  coating  retains  the 
same  thickness ;  it  thus  forms  a  new  porous  diaphragm  of  very- 
slight  electrical  resistance.  The  cells  are  constructed  as  follows : — 
Iron  frames  about  1  centimetre  thick,  with   the   slots  a,  k,  by 

Fig.  207. 


fig.   207,   confine  a  cathode  cell.     On  these   perforated   sheets 
of  iron,  provided  with  similar  slots,  are  so  placed  that  the  free^ 
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parts  of  the  frames  are  covered;  upon  this  are  placed  one  or 
more  sheets  of  parchment-paper^  then  a  correspondingly  cut-out 
anode  frame^  6  centim.  thick^  open  at  top^  again  parchment, 
perforated  sheet-iron,  cathode  frame,  perforated  sheet-iron,  and 
so  on.  Through  holes  b  pass  iron  rods,  with  screw  ends  for 
compressing  the  whole  apparatus.  Holes  a,  k  form  four  channels 
for  the  inlet  and  outlet  of  the  anode  and  cathode  liquor.  The 
layers  of  perforated  sheet-iron  act  as  cathodes,  the  frames  upon 
which  they  are  pressed  serve  for  conducting  the  current,  so  that 
the  whole  consists  of  closed  cathode  cells  and  anode  cells  open  at 
top.  In  these  openings  the  anodes  are  placed,  and  if  gases  are 
given  off  there  (in  our  case,  chlorine),  the  joint  is  made  air-tight. 
The  perforations  of  the  sheets  are  intended  to  allow  the  liquor  to 
circulate  and  the  hydrogen  to  escape. 

Fitzgerald  (Engl.  pat.  9799,  1892)  also  proposes  adding  to  the 
electrolyte  in  the  anode  cells  an  insoluble  basic  oxide  as  lime, 
or  perhaps  magnesia  or  zinc  oxide,  in  order  to  combine  with  the 
chlorine  and  to  permit  employing  '^  lithanode ''  as  anodes  (comp. 
Chap.  XXX.). 

Parker  and  Robinson  (Engl.  pat.  14199,  1888)  work  without 
porous  cells  or  diaphragms.  During  electrolysis  CO2  is  introduced 
under  pressure,  which  decomposes  the  first-formed  hypochlorites, 
producing  carbonate  and  free  chlorine,  which  is  easily  separated 
from  the  carbonic  acid  (?) . 

A  later  patent  of  Parker's  (No.  23733,  1892)  returns  to  porous 
diaphragms.  The  electrolyte  is  to  be  heated  to  prevent  the 
absorption  of  chlorine.  The  CO3  is  to  be  introduced  into  the 
cathode  chamber  in  the  form  of  bicarbonate.  The  anodes  are  to 
be  prepared  by  mixing  anthracite  (or  coke  from  anthracite)  with 
graphite  and  pitch,  and  compressing  with  or  without  application 
of  heat ;  in  the  former  case  embedding  them  in  graphite  so  as  to 
produce  a  film  of  it  on  the  surface. 

Kellner  (Engl.  pat.  20713,  1891)  describes  the  following  pro- 
cess : — A  heated  saturated  solution  of  sodium  chloride  circulates 
in  two  separate,  quick  streams  through  an  electrolytic  apparatus. 
The  stream  which  passes  the .  anodes  contains '  a  little  addition 
of  sulphuric  acid  or  sodium  sulphate,  and  on  leaving  the  appa- 
ratus is  passed  through  a  vessel  filled  with  solid  NaCl,  so  as 
to  be  again  saturated  before  returning  to  the  anodes.  The  other 
stream,  which  passes  the  cathode,  after  leaving  the  apparatus  is 
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nmaltaneously  exposed  to  cooling,  to  coatact  with  solid  salt,  and 
to  the  action  of  CO,,  by  wliich  the  soda  is  converted  into  cartKioste 
and  precipitated,  whereupon  the  solution  returns  to  the  cathode 
cells.  The  electrolysis  is  carried  out  in  a  series  of  frames,  B, 
figs.  208  &  209,  in  which  the  electrodes  are  fixed  and  which  are 
separated  by  diaphragms;  iu  their  upper  portions  they  possess 
channels  ff,  y„  which  are  connected  by  passages  A,  Ai  with  the 
channels  by  which  the  electrolytes  circulate;  the  evolved  gases 
escape  separately  through  g  and  .^i.  The  diaphragms  D  consist  of 
permeable  tissue  or  of  clay,   the  pores  being  filled  with  a  jelly 


Fig.  208. 


mixed  with  some  >>'aCI.  This  obviates  an  injurious  mechanical 
diffusion  from  one  cell  into  another,  and  also  promotes  the  circa- 
lation  of  the  ions.  The  electrodes  are  prepared  by  mixing  ground 
retort-carbon  with  a  thick  solution  of  wood  cellulose  in  xinc 
chloride,  which  is  kneaded  to  a  pa-te,  moulded,  washed,  aud  heated 
iu  a  muffle,  after  which  process  it  is  impregnated  with  mineral  oil 
and  again  heated.     Or  electrodes  are  employed  whose  pores  are 
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stopped  up  with  lead  peroxide^  obtained  either  by  coating  them  with 
a  mixture  of  litharge  and  ammonium  sulphate,  or  by  boiling  them 
in  a  saturated  solution  of  lead  acetate  and  electrolytically  trans- 
forming this  into  peroxide. 

Hermite  and  Dubosc  (Germ.  pat.  66089),  on  the  erroneous 
assumption  that  more  molecular  force  is  required  for  decomposing 
NaCl  than  NaOII  (p.  674),  cause  the  Na^O  produced,  immediately 
after  its  formation,  to  enter  into  a  sodium  compound  whose  heat 
of  formation  is  above  that  of  NaCl,  as  they  believe  that  in  this 
case,  the  electromotive  force  being  constant,  the  new  compound  is 
no  longer  influenced  by  the  current  and  the  NaCl  remains  the 
only  electrolyte.  For  this  purpose  they  add  to  the  bath  gelatinouif 
hydrate  of  alumina,  which  combines  with  the  soda,  as  it  is  formed, 
to  sodium  aluminate.  This  is  afterwards  decomposed  by  COj  and 
the  liberated  alumina  is  used  as  above. 

Parker  and  Robinson  (Engl.  pat.  4920,  1893)  withdraw  the 
NaOH  formed  by  electrolysis  from  the  further  action  of  the 
current  in  the  shape  of  soap,  which  does  not  prevent  the  continued 
electrolysis  of  NaCl.  For  this  purpose  they  add  a  fatty  acid 
(oleic  or  stearic)  or  a  neutral  fat ;  the  soap  formed,  owing  to  its 
low  specific  gravity,  rises  to  the  surface  and  is  removed,  in  order 
to  be  used  as  such  or  to  be  converted  by  COj  into  Na^COs  and 
free  fatty  acid. 
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CHAPTEK  XXVI. 

III.  Electrolysis  with  Separation  of  the  Alkaline  Metal 

BY  A  Mercury  Cathode. 


A  SPECIAL  group  of  electrolytical  soda-  and  chlorine-processes^ 
which  has  attracted  great  attention  during  the  last  few  years^  is 
carried  on  so  that  the  secondary  reaction  Na  +  HjOssNaOH  +  H 
does  not  take  place  at  the  cathode  itself^  but  the  sodium^  as  it  is 
formed,  is  protected  from  the  action  of  water  by  being  at  once 
taken  up  by  mercury  in  the  shape  of  an  amalgam  which  is  de* 
composed  in  another  place.  Thus  the  drawback  of  producing 
caustic  liquor  containing  a  large  excess  of  NaCl  is  avoided 
(p.  634). 

Already,  in  the  beginning  of  this  century,  Davy  had  employed 
a  mercury  cathode  in  his  classical  research  on  the  preparation  of 
the  alkaline  metals,  in  order  to  secure  them  from  dissolution  by 
the  electrolyte. 

The  electrolysis  of  NaCl  with  employment  of  a  mercury 
cathode,  in  which  the  sodium  is  dissolved,  is  also  mentioned  by 
Nolf  in  the  application  No.  4849,  1882,  which  did  not  proceed 
beyond  the  provisional  protection. 

We  find  the  mercuiy  cathode  again  in  Hermite's  patent  No. 
3957,  1888,  which  does  not  yet  aim  at  the  production  of  free 
chlorine.  Cloth  or  yam  to  be  bleached  is  placed  in  a  tank,  at  the 
bottom  of  which  is  a  layer  of  mercury,  electrically  connected  with 
the  negative  pole  of  a  source  of  current,  the  anodes  being  made 
of  platinum  or  carbon.  The  electrolytes  are  chlorides  of  the 
alkaline  or  earthy-alkaline  metals;  according  to  patent  No.  3956, 


WITH  A  MERCURY  CATHODE.  687 

1888^  also  sulphates  or  caustic  alkaline^  iu  which  case  ozone  is 
given  off  at  the  anode.  The  alkaline  metal  formed  at  the  cathode 
is  taken  up  by  the  mercury^  and  on  interrupting  the  current^  or 
in  case  of  a  short  circuit,  is  decomposed  by  water.  In  this  shape 
the  process  was  evidently  not  yet  practicable. 

Later  on  Hermite  and  Dubosc  (No.  21957,  1891)  work  without 
a  porous  diaphragm  and  employ  a  moving  mercury  cathode,  which 
takes  up  the  sodium  (or  potassium)  as  amalgam  and  at  once 
withdraws  it  from  the  decomposing  action  of  water  by  means  of 
bisulphide  of  carbon ;  afterwards  the  amalgam  is  decomposed  in  a 
separate  vessel  into  caustic  soda  and  mercury.  Fig.  210  shows 
their  apparatus. 

The  solution  of  NaCl  is  placed  in  the  tank  C,  in  the  centre  of 
which  is  a  conical  cathode,  P,  P,  of  amalgamated  copper,  on  which 
mercury  flows  in  a  thin  stream  from  vessel  G.  P,  P  are  the 
cathodes,  consisting  of  two  parallel  sheets  of  platinum.  The 
amalgam,  whose  percentage  of  sodium  depends  upon  the  intensity 
of  the  current  and  the  rate  of  the  feed,  collects  in  the  spouts  H,  H, 
leading  through  pipe  T  to  an  outer  vessel  P ;  the  overflow  /  keeps 
the  amalgam  always  at  one  level  in  H,  H.  A  layer  of  bisulphide 
of  carbon,  S,  floating  on  the  amalgam,  prevents  its  contact  with 
the  aqueous  liquid.  If  the  current  is  acting  and  the  feed  of 
mercury  put  on,  the  amalgam  arrives  in  H,  H,  where  a  separation 
takes  place;  lighter  amalgam  remains  at  the  surface  and  runs  off 
through  t  into  the  vessel  E,  filled  with  water;  the  bend  of  t  has 
the  effect  of  allowing  only  amalgam  to  flow  away.  The  mercury 
not  changed  into  amalgam  sinks  to  the  bottom  of  H,  H  and  runs 
through  U  into  F ;  the  mercury  formed  in  E  by  the  decomposition 
of  the  amalgam  with  water  runs  also  into  F  through  Y.  From  F 
the  mercury  is  brought  into  G  by  a  chain  of  buckets  I,  J. 

Atkins  and  Applegarth  (Germ.  pat.  64409)  describe  the  follow- 
ing arrangement  for  a  continuous  flow  of  mercury  across  the 
cathode  (fig.  211):— 

A  metal  cylinder  A,  amalgamated  inside,  is  provided  with  a 
bottom  outlet  B,  ending  in  a  tap  or  a  siphon  B^  At  the  top  A  is 
enlarged,  and  there  receives  the  lower  end  of  a  second  cylinder, 
D ;  there  is,  however,  a  small  annular  space  left,  through  which 
mercury  gets  by  pipe  E  on  to  the  amalgamated  inside  of  A,  and 
flows  down  comparatively  slowly,  until  it  runs  off  at  B.    A  forms 
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8  cathode  chamber  with  the  electrical 
conductor  A',  aod  is  filled  with  solu-  '^' 

tion  of  salt.  In  the  centre  is  the 
carbon  anode  F,  surrounded  bj  the  . 
hose  G,  closed  at  bottom,  consisting 
of  a  dense  tissue  of  hemp,  treated 
with  silicate  of  soda  for  its  better  con- 
servation. The  (»nductor  F'  connects 
the  anode  with  the  dynamo.  The 
anode  consists  of  a  pipe  H,  upon  which 
carbon  rings  are  placed.  The  solution 
of  NaCl  is  conveyed  through  H  to  the 
bottom  of  G-,  and  on  gradually  rising 
round  the  outside  of  F  it  is  electro- 
lyzed.  Most  of  the  sodium  passes 
through  the  sides  of  the  hose  to  the 
cathode  A;  the  remaining  solution 
passes  off  at  the  top  through  I,  together 
with  the  chlorine,  and  can  be  used 
over  again  after  being  brought  up  to 
strength.  The  caustic-soda  solution  in 
cyliuder  A  can  pass  away  through  J, 
together  with  the  hydrogen;  at  the 
opposite  end  of  the  cathode  cylinder 
water  is  let  in  through  K,  in  order  to 
take  the  place  of  the  caustic  solution. 
Instead  of  the  hemp  hose  a  diaphragm 
of  ordinary  caustic  material  can  be 
employed.  In  order  to  retard  the  down- 
ward flow  of  the  mercury  the  cathode 
may  be  provided  with  ribs.  The  speci- 
fication describes  also  other  arrange- 
ments for  spreading  the  mercury  in  a 
tbiu  layer  over  the  cathode. 

Greenwood  (Engl.  pat.  o990,  1891)  produces  sodium  amalgam 
in  the  apparatus  known  from  his  former  patents  (p.  €58),  by  pro- 
viding a  supply  of  mercury  for  the  cathode  cell. 

The  most  important  of  the  mercury  processes  is  Castner's 
(Engl.  pat.  16046,  1892],  He  employs  a  moving  mass  of  mercury 
between  the  anode  and  cathode  chamber,  the  electric  current  being 
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made  to  pass  from  the  anode  through  the  mercBiy  to  the  cathode, 
BO  that  the  sodium  produced  immediately  dissolves  in  the  latter; 
this  prevents  polarization  and  admits  of  employing  a  great  current- 
density.  If  in  the  cathode  chamber  water  is  admitted  at  the  same 
time,  caustic  soda  is  produced.  The  mercury  should  from  the 
first  contain  a  little  sodium,  and  this  percentage  must  be  alvays 
kept  up  in  a  proper  manner.  Accoi'ding  to  patent  No.  105S1, 
1893,  the  process  is  made  continuous  by  mechanically  rocking 
the  cell  divided  into  two  compartments,  so  that  the  mercury  is 
alternately  in  that  chamber  where  it  takes  up  the  sodium  as 
amalgam,  and  in  the  other  chamber  where  the  sodium  is  extracted 
as  NaOH.  The  depth  of  the  mercury  bath  is  J  inch;  therefore 
-the  front  end  of  the  cell  need  be  moved  only  |  inch  above  or 
below  the  horizontal  plane.  This  apparatus  in  shown  in  figs. 
212  &  213.  A  is  the  decomposing-tank  with  three  compartments, 
the  back  end  being  supported  by  adjustable  knife-edges  B.     These 
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rest  upon  metal  plates  C,  and  the  latter  on  a  frame  D.  The  front 
end  of  A  rests  on  excentres  F,  attached  to  a  shaft  E.  These  ex- 
centres  lean  against  the  metal  plate  H,  and  thereby  against  the 
bottom  of  the  cell.  The  shaft  E  revolves  in  the  bearings  N  N  and 
is  geared  by  K  and  L. 

The  Chemical  Trade  Journal,  1891,  xv.  p.  211,  contains  the 
following  statements  by  Castner  himself  on  his  process.  The 
.  reunion  of  the  products  of  decomposition  to  hydrochlorite  is 
excluded;  the  carbon  anodes  therefore  keep  perfectly;  there  is  no 
porous  diaphragm,  and  the  solution  of  caustic  soda  is  absolutelv 
pure  and  free  from  chloride.  The  plant  at  Oldbury  contains  30 
cells  in  two  parallel  rows  of  fifteen  each.  The  current  is  taken 
from  a  Crompton  dynamo,  having  an  output  of  1100  amp.  at 
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60  volts,  the  current  being  divided  so  as  to  apply  550  amp.  to 
each  row.     Of  the  circuit  of  15  cells  connected  in  series^  14  are 
always  in  use^  one  being  held  in  reserve.     At  that  time  (end  of 
September)  the  cells  had  been  running  continuously  since  August 
14th.     Detailed  results  are  given  of  one  week's  run  (from  Sep- 
tember 18  to  24),  checked  by  reliable  measuring  instruments^  the 
daily  average  being  571  amp.  and  55^1  volts^  with  an  output  of 
3080  lbs.  caustic-soda  solution  of  spec.  grav.  1*204=560*1  lbs. 
NaOH^  equal  to  an  efficiency  of  88*5  per  cent.     Each  cell  had 
yielded  40  lbs.  NaOH  per  diem,  with  an  average  E.H.P.  of  3*01 
or  3*55  I.H.P.    The  28  cells  therefore  furnish  1120  lbs.  NaOH 
and  930  lbs.  chlorine.     The  analysis  of  the  finished  caustic  was 
95*58  per  cent  NaOH,  2*37  per  cent.  NagCOg,  0*05  per  cent. 
NaCl= 78*30  per  cent.  Liverpool  test. 

The  statements  certainly  refer  to  a  very  short  period,  and  nothing 
is  said  about  loss  of  mercury,  &c.;  but  from  other  sources  it  would 
appear  that  Castner's  process  is  in  fact  working  very  well,  and 
that  the  tension  required  is  only  4  volts,  a  20-per-cent.  solution  of 
pure  NaOH  being  obtained. 

Further  details  are  given  in  the  Engineering  and  Mining  Journal, 
September  22,  1894,  p.  270.  The  cells  are  divided  into  three 
compartments.  The  two  outer  ones  contain  the  solution  of  sodium 
chloride  and  the  carbon  anodes ;  the  central  compartment  contains 
the  caustic-soda  solution  and  an  iron  cathode.  The  solution  of 
salt  circulates  continuously  through  the  two  outside  compart- 
ments and  then  passes  into  a  vessel  where  it  is  again  saturated 
with  fresh  salt,  replacing  that  decomposed  by  electrolysis.  The 
chlorine  escapes  from  each  of  these  into  a  large  maiu;  the 
sodium  amalgam  in  consequence  of  the  rocking  motion  flows  into 
the  central  compartment,  where  it  now  serves  as  anode,  the 
current  going  to  .the  cathode,  and  the  sodium  passing  into  solution 
as  NaOH.  The  energy  stored  up  in  the  sodium  assists  the 
electrolytic  process.  Every  hour  a  certain  quantity  of  water 
is  admitted  into  the  central  compartment,  so  that  a  corre- 
sponding quantity  of  caustic-soda  solution  is  made  to  overflow 
into  a  main  connected  with  all  the  cells.  Every  cell  is  therefore 
in  communication  with  four  mains — for  feeding  concentrated 
solution  of  salt,  for  the  outlet  of  the  electrolyzed  solution 
into  the  saturating  vessel,  for  taking  away  the  chlorine,  and  for 
taking  away  the  caustic  liquor.     The  cells  are  worked  in  series,  and 
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every  one  of  them  can  be  put  out  of  series  as  desired.  The  hi^h 
electrical  eflSciency  of  88-90  per  cent,  is  principally  explained  by 
the  fact  that  the  sodium  is  removed  from  the  mercury  by  electrolysis 
immediately  after  its  formation^  so  that  the  mercury  rarely  con- 
tains more  than  0*02  per  cent.  Na.  Hypochlorites  are  not  at  all 
formed;  the  small  loss  of  electrical  energy  is  not  caused  by  a 
combination  of  chlorine  with  caustic  soda^  but  by  recombination 
with  sodium.  Owing  to  the  absence  of  hypochlorites  the  wear 
and  tear  of  the  cathodes  (which  are  obtained  by  a  special  process) 
is  scarcely  perceptible.  By  means  of  that  process  even  ordinary 
compressed  coal  or  retort-carbon  may  be  employed.  The  low 
E.M.P.  (4  volts  with  550  amp.)  is  explained  by  the  non-accumula- 
tion of  sodium  in  the  amalgam^  and  by  the  close  approach  of  the 
electrodes,  which  nearly  touch.  Each  cell,  6  feet  long,  3  feet 
wide,  and  6  inches  deep,  decomposes  per  day  56*5  lbs.  salt,  and 
produces  38*5  lbs.  NaOH  and  34*5  lbs.  chlorine,  with  an  expendi^ 
ture  of  8*5  I.H.P.  The  caustic  liquor  contains  20  per  cent.  NaOH, 
and  by  direct  evaporation  yields  caustic  soda  of  99*5  per  centl 
The  chlorine-gas  contains  95-97  per  cent.  CI  and  8-5  per  cent.  H. 
The  action  of  the  cells  is  automatic  and  requires  hardly  any  super- 
vision ;  their  construction  is  so  simple  that  a  cell  can  be  put  out  of 
series,  cleaned,  taken  to  pieces,  put  together,  and  set  to  work  by 
two  men  in  less  than  two  hours.  Taking  the  efficiency  at  88  per 
cent,  we  obtain  the  following  values : — 

Each  cell  decomposes  per  hour...  1058  grams  NaCl. 

„       produces  „  724      „     NaOH, 

642      „     CI. 

„       decomposes  in  24  hours  56*5  lbs.     NaCl. 

„       produces  „  88*5    „       NaOH. 

34-25,,       CI. 

Actual  electrical  horse-power  per  cell 3. 

„     indicated  „  „       ,. 3*5. 

Salt  decomposed  per  ampere  hour  1  *92  grams. 

,,  ,,  ,.    watt 0-48      „ 

„  „  „    I.H.P.  per  hour 295  „ 

Caustic  soda  produced  per  I.H.P.  per  hour. .  .209  „ 

Chlorine  „  „  „  183  „ 

Salt  decomposed  „         in  24  hours  liS'O  lbs. 

NaOH  produced  „  „  11*0  „ 
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According  to  the  3l8t  Alkali  Report,  p.  66^  the  inyentor  states 
the  loss  of  mercury  =5  per  cent,  per  annum. 

According  to  the  prospectus  of  "The  Castner-Kellner  Alkali 
Company/'  as  advertised  in  the  papers  in  October  1895,  a  limited 
company  had  been  formed  which  had  taken  over  the  Castner 
patents  from  the  Aluminium  Company  (Lim.)  and  the  Kellner 
patents  from  Messrs.  Solvay  &  Co.,  and  which  seems  to  have 
devoted  itself  especially  to  the  former.  The  prospectus  states  that 
the  experimental  factory  at  Oldbury,  working  with  100  H.P.,  had 
been  in  successful  operation  since  August  1894,  with  an  electrical 
efficiency  of  88  to  90  per  cent.,  producing  a  20-per-cent.  solution 
of  almost  chemically  pure  caustic  soda.  It  was  intended  to  lay 
out  works  up  to  40CK)  H.P.,  manufacturing  18^  tons  of  77  per  cent, 
caustic  soda  and  40  tons  of  bleachiog-powder  per  diem.  The 
prime  cost  of  the  caustic  was  not  expected  to  exceed  £4  5«.,  and 
that  of  the  bleaching-powder  £3,  both  inclusive  of  packages. 
[This  prospectus  has  been  very  adversely  criticized,  e,  y.,  in  Chem. 
Tr.  Journ.  xvii.  p.  271.] 

Sinding-Larsen  (Engl.  pat.  13499,  1894)  describes  an  apparatus 
consisting  of  a  large  vessel,  covered  at  the  bottom  with  mercury 
serving  as  cathode;  a  bell  dips  into  this,  within  which  the  carbon 
anode  and  a  chlorine  exit-pipe  are  fixed.  If  the  sodium  amalgam 
formed  at  the  cathode  is  to  be  recovered  as  such,  the  mercury 
outside  the  bell  is  covered  with  petroleum.  The  solution  of  salt 
rises  below  the  bell  in  the  centre  of  the  cathode  cell  through  a 
pipe  reaching  to  the  surface  of  the  mercury;  the  liquid  then 
overflows  sideways  from  the  bell.  Another  patent  (No.  14910, 
1894)  mentions  that  the  walls  in  contact  with  mercury  are  amal- 
gamated, so  that  no  liquid  can  find  its  way  between  them  and  the 
mercury,  and  that  the  anodes  are  made  to  revolve,  in  order  to 
prevent  the  adhesion  of  gas-bubbles  to  their  active  side. 

Kellner  (EngU  pat.  17169,  1892)  forms  the  cathode  of  a  thin 
vertical  layer  of  mercury,  separated  from  the  anode  space,  which 
contains  the  electrolyte,  by  electrically  conducting  partitions; 
during  electrolysis  water  is  constantly  running  over  the  mercury, 
while  the  gases  escape  from  the  anode  space.  The  mercury  takes 
up  the  sodium,  and  at  once  gives  it  up  to  the  water,  NaOH  and  H 
being  formed.  The  following  arrangement  is  stated  to  be  usetiil 
and  durable  in  actual  practice: — The  partitions  A,  fig.  214,  which 
contain  the  mercury  and  separate  it  from  the  anode  space,  may 
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eonaiBt  of  porous  earttenware,  of  asbestos  cardboard  impregnated 
with  gelatine  and  resting  on  a  perforated  slate  slab,  or  of  two 
alternately  perforated  slate  slabs  with  an  interpoaed  layer  of  glass 
and  Blag-wool,  starch  and  coal,  previously  dipped  in  concentrated 
caustic  solution  or  boiling  water.  In  order  to  employ  as  little 
mercury  as  possible  (shown  at  B),  there  is  a  cast-iron  displacing 
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body  C,  which  holds  the  mercury  in  a  thin  layer,  and  at  the  same 
time  the  reaction  vessel  D  at  a  de6nite  height.  The  latter  consists 
of  a  frame  open  at  top  and  bottom,  dipping  into  the  mercury  to 
the  depth  set  by  the  position  of  the  screw  E ;  water  is  introduced 
into  the  inner  space  F.  The  mercury  is  either  directly  or  indirectly 
connected  by  C  with  the  n^ative  pole  G.  The  anodes  H  H'  con- 
sist of  any  refractory  materials;  they  are  supported  by  the  bell- 
ahaped  frames  J,  J',  and  the  gas  is  taken  away  by  K,  K'. 

Fig.  215  gives  a  section,  fig.  216  an  elevation  of  the  apparatite 
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employed  in  practice.  L  is  a  wooden  watertight  trough ;  H,  H' 
the  anodes^  consisting  of  a  frame  in  which  are  placed  plates 
M,  M',  made  of  slate  (or  porcelain  or  stoneware),  with  large 
holes,  the  space  in  between  beiog  filled  with  ground  coal,  into 
which  the  current  is  conducted  by  the  carbon  rods  N,  which  are 
at  0  fixed  in  the  frames  by  means  of  asphalt  poured  in,  and  at  P 
are  connected  with  the  positive  conductor.  This  is  done  by  means 
of  a  strip  of  lead  connecting  all  the  carbon  rods;  as  the  con- 
ductivity of  the  junction  between  them  quickly  suffers  from  the 
action  of  the  chlorine,  that  part  of  the  carbons  between  O  and  P  is 
freely  exposed  to  the  air,  which  prevents  moist  chlorine  from 
penetrating  between  carbon  and  lead.  On  each  anode  there  is  a 
chlorine-pipe  Q,  leading  to  the  main  R.  At  S  enters  the  elec- 
trolyte, which  travels  in  the  direction  of  the  arrows  through  the 
maze  between  the  anodes  and  cathodes,  and  at  T  leaves  the  appa- 
ratus in  order  to  enter  into  another  in  case  of  need.  U  is  the 
cathode,  as  above  described.  V  the  junction  of  the  reaction  vessel 
with  the  next  cathode.  The  partitions  are  formed  by  clay  cells. 
The  sodium  formed  there  produces  with  the  water  floating  on  the 
mercury  a  caustic  liquor,  which  through  V  travels  to  the  reaction- 
vessels  of  the  next  cathode  series  U',  and  at  V  issues  as  a 
highly  concentrated  solution  of  almost  chemically  pure  NaOH. 
Thus  solutions  with  57  per  cent.  NaOH  can  be  prepared.  If 
the  reaction-vessel  is  made  tight  and  no  water  is  employed, 
sodium,  potassium,  aluminium,  &c.  can  be  obtained  in  the  metallic 
state. 

Later  on  (Germ.  pat.  73224)  Kellner  tries  to  utilize  the  heat 
liberated  in  the  secondary  processes  of  electrolysis  for  reducing 
the  energy  required  for  the  primary  decomposition.  For  this 
purpose  he  employs  the  mercury  coming  from  the  cathode  of  a 
decomposing  cell  as  anode  in  another  cell  (p.  691),  making  use  of 
a  tliird  electrode  for  re*conveying  the  heat,  transformed  into 
electricity,  into  the  decomposing  cell,  and  thus  reducing  the 
amount  of  primary  current  in  the  latter.  The  ^^decomposing 
space  *'  contains  a  suitable  anode  and  a  cathode  in  the  shape  of 
mercury,  which  at  the  same  time  serves  as  anode  in  the  '' formation 
space,^^  and  is  there  opposed  to  a  third  electrode.  In  order  to 
avoid  the  loss  of  heat-energy  by  the  reaction  of  Na  on  H^O,  as 
well  as  the  polarization  by  the  hydrogen  formed  thereby,  sodium 
nitrate  is  added  to  the  water  in  the  formation  space,  and  thus. 
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besides  caustic  soda^  ammonia  is  obtained^  which  is  easily  re- 
covered in  the  evaporation  of  the  liquor. 

In  his  English  patent.  No.  13722,  1893,  we  find  the  following 
description: — A  solution  of  sodium  chloride  is  pumped  into  a 
closed  vessel  containing  horizontal  rows  of  carbon  or  platinum 
plates  serving  as  anodes,  the  cathode  being  formed  by  mercury 
resting  on  the  bottom  of  the  vessel.  At  the  top  chlorine  escapes, 
at  the  bottom  sodium  amalgam  is  formed,  which  from  the  centrally 
depressed  bottom  of  the  vessel  flows  into  a  funnel  conveying  it  on 
to  the  sloping  floor  of  a  second  vessel,  which  is  fed  with  a  solution 
of  sodium  nitrate  from  a  reservoir  placed  above  it.  The  sloping 
floor  consists  of  corrugated  sheet-iron,  covered  with  gilt,  silvered, 
or  platinized  wire  gauze  serving  as  electrode,  the  amalgam 
forming  the  other  electrode;  the  electrical  energy  developed  by 
this  couple  is  utilized  by  re-conducting  it  into  the  first  cell.  The 
sodium  amalgam  decomposes  the  solution  of  NaNOs  with  formation 
of  NaOH  and  NH^ ;  the  mercury  freed  from  sodium  runs  oS"  at 
the  lower  end  of  the  bottom,  passes  through  a  cooling-pip?,  and  is 
introduced  by  a  force-pump  into  the  decomposing-vessel  near  the 
periphery  of  the  depressed  central  part,  where  it  is  conducted  in  a 
spiral  course  by  a  specially  shaped  channel,  and  during  this 
circulation  again  takes  up  sodium.  It  is  an  important  condition 
that  the  surface  of  the  carbon  anodes  must  be  greater  than  that 
of  the  mercuiy  cathode. 

Patent  No.  2  J&74, 1893,  furnishes  yet  another  apparatus.  Here 
the  bottom  of  a  vessel,  glazed  at  the  sides  and  porous,  dips  into 
the  electrolyte ;  the  porous  bottom  is  covered  by  a  thin  layer  of 
mercury  serving  as  cathode.  The  anodes  are  either  placed  on  the 
sides  or  at  the  bottom  of  the  vessel ;  in  the  latter  case  deflecting 
plates  prevent  the  gas  given  off  there  from  getting  at  the  porous 
bottom.  Thus  the  mercury  is  protected  from  direct  contact  with 
the  electrolyte,  and  loss  is  prevented. 

Again  an  entirely  new  apparatus  is  shown  by  Kellner^s  German 
patent  No.  80212,  and  in  his  English  patents  No.  7458, 1893,  and 
No.  20259,  1895. 

According  to  Zschr.  f.  Elektrotechn.  und  Elektrochemie,  1894, 
p.  431,  there  existed  a  small  experimental  works  at  Haliein  for 
producing  caustic  soda  and  chlorine  by  Kellner^s  procetus;  a  large 
plant  was  to  be  erected  there  which  was  to  start  with  utilizing 
2500  H.P.  of  the  Salzach  river  (end  of  1894).    A  further  water- 
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power,  amoanHng  to  5000  H.P.,  was  to  be  made  available  for  the 
same  purpose  at  Borregaard  (Sarpsboi^),  in  Norway.  Unfor- 
tunately it  is  not  stated  which  of  the  namerous  processes  of 
Kellner's  was  to  be  practically  introduced. 

Vautin  (Engl.  pat.  2293,  1893)  supports  the  mercury  cathode 
B,  fig.  217,  by  a  wire  gauze  6,  forming  the  bottom  of  chamber  D; 
the  meshes  of  the  gauze  do  not  permit 
the   mercury   to    piiBS    through,    but  **"     '" 

cause  its  immediate  contact  with  the 
electrolyte,  so  that  no  diaphragm  is 
required.  A  is  the  anode ;  above,  the  i 
mercury  vessel  D  is  filled  with  water,  G. 
The  electrolyte  is  entirely  separated 
from  D.  Since  along  the  edges,  owing 
to  capillary  depression,  the  layer  of 
mercury  would  be  too  thin  and  the 
electrolyte  might  leak  through,  a  strip 
of  iron  plated  with  sodium  amalgam  ia  attached  to  the  inner  lower 
edge  of  D,  which  causes  adhesion  with  the  mercury.  Or  else 
chamber  D  itself  ia  made  of  metal,  covered  with  an  insulating  layer 
with  the  exceptioDof  the  lower  edge.  The  patent  describes  also  other 
shapes  of  cells  in  which  a  vertical  or  inclined  layer  of  mercury  is 
employed.  In  all  cases  the  sodium  formed  at  the  mercury  cathode 
passes  through  it,  and  collects  at  the  top  as  sodium  amalgam,  or 
else,  if  covered  there  with  water,  it  is  changed  into  caustic  soda, 
entirely  separated  from  the  electrolyte.  [Vautin  himself  says,  in 
Joum.  Soc.  Chem.  Ind.  1894,  p.  4i8  :  "this  method  worked  fairly 
well " ;  but  he  there  describes  another  method  in  which  fused 
sodium  chloride  was  employed.  This  probably  means  that  the 
process  was  not  found  practicable.] 

Drake's  patent  (No.  7985,  1894)  gives  nothing  new  of  nay  im- 
portance. 

J.  C.  Richardson  (No.  22613,  1894)  makes  the  mercury  circu- 
late in  a  special  chamber,  where  it  ia  connected  by  a  conductor 
with  a  second  cathode,  iu  presence  of  the  solvent  intended  for  the 
cation.  The  second  cathode  is  in  contact  with  CuO,  which 
oxidizes  the  hydrogen.  Thus  the  cation  is  better  dissolved,  the 
mercury  acta  in  a  regular  way  as  conveyor  of  the  cation,  and  since 
the  finally  separated  element  is  not  hydn^en,  but  copper,  there  is 
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no  gas  resistance  or  polarization^  and  thus  there  is  a  saving  of 
electrical  energy, 

Hulin  (Germ.  pat.  80398)  transforms  electrolytically  obtained 
alloys  of  alkaline  metals  into  alkali^  by  introducing  them  into  a 
closed  vessel  filled  with  hydrogen^  in  the  upper  part  of  which  a 
dish  of  water  and  an  opening  closed  by  a  tap  is  arranged.  By 
gentle  heating  the  alloy  is  melted,  a  little  water  is  evaporated 
from  the  dish^  and  the  steam  then  forms  a  slight  quantity  of  alkali 
on  the  top  of  the  alloy.  This  alkali  acts  upon  the  alloy  below  so 
that  the  water  of  hydration  with  the  alkaline  metal  first  forms 
an  oxide,  the  hydrogen  escaping  through  the  melted  caustic 
alkali  and  causing  a  good  mixture.  Thus  gradually  the  whole 
of  the  alkaline  metal  is  quickly  oxidized  by  the  mediation  of 
caustic  alkali  without  any  direct  action  of  the  water  or  the 
steam  upon  the  alloy,  and  without  any  oxidation  of  the  heavy 
metal.  [This  process  is  evidently  in  the  first  place  intended  to 
apply  to  an  alloy  of  lead  and  sodium,  obtained  according  to  the 
inventor's  patent  No.  79435,  to  be  mentioned  below,  but  it  applies 
also  to  sodium  amalgam.] 

Stoermer  (Eugl.  pat.  10445,  1895)  keeps  the  mercury  cathode 
in  a  state  of  constant  oscillation,  but  not  sufficient  to  break  the 
film  of  the  mercury,  to  prevent  the  alkaline  metal  from  taking 
np  oxygen  and  being  lost.  When  charged  with  amalgam,  the 
cathode  metal  is  run  ofi^  and  the  alkaline  metal  separated. 

Bosenbaum  (Engl.  pat.  17288,  1895)  employs  circular  cells, 
sealed  at  the  bottom  by  a  revolving  tray  containing  mercury, 
which  first  receives  the  alkaline  metal  produced  by  the  electrolysis 
of  alkaline  chlorides,  and  at  another  place  allows  that  metal  to  be 
oxidized  by  electrolytically  produced  oxygen. 
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CHAPTER  XXVII. 

IV.  Electbolysis  of  Chlorides  in  the  State  of  Fusion. 

The  electrolysis  of  fused  chlorides  of  the  alkalis  aud  alkaline 
earths  is  one  of  the  oldest  applications  of  the  electric  current ;  in 
this  way  Davy^  Bunsen^  and  others  first  prepared  the  alkaliue 
and  earthy-alkaline  metals.  The  technical  methods  worked  out 
for  this  object  interest  us  only  so  far  as  the  alkaline  metals 
are  intended  to  be  transformed  into  caustic  alkalis  by  decom- 
posing water^  either  immediately  on  their  formation  or  directly 
af  tervrards.  This  has  been  the  aim  of  many  inventors  who  desire 
to  avoid  the  loss  of  current  by  secondary  conduction  and  electro* 
lysis  of  the  products  of  electrolysis  (p.  634) ,  as  well  as  the  chemical 
reaction  between  these  products  (p.  633)*  Theoretically  the  elec* 
tromotive  force  required  for  decomposing  fused  chlorides  is  much 
greater  than  for  decomposing  the  corresponding  aqueous  solutions, 
J)ecause  the  heat  of  formation  belonging  to  the  secondary  re« 
action  {e.g.  Na  +  H,0«NaOH-f  H)  in  the  latter  case  reduces 
the  electromotive  force  required  for  splitting  up  the  molecule. 
This  heat  of  formaticoi  of  course  appears  also  during  the  reaction 
of  sodium  with  water,  if  carried  on  after  the  electrolysis  of  NaCl 
into  Na  and  CI  outside  the  cell^  but  in  this  case  it  is  only  mani- 
fested as  tangible  heat  which  can  but  rarely  be  utilized.  The 
decomposition  of  the  alkaline  chlorides  in  the  fused  state  ought 
therefore  to  require  much  more  current  tension^  and  therefore  to 
consume  more  work  in  the  dynamo  than  the  decomposition  in  the 
state  of  solution^  if  the  calculation  were  made  on  the  basis  oE  the 
heats  of  formation,  as  explained  p.  636.  Practically,  however,  the 
E.M.F.,  during  the  electrolysis  of  fused  chlorides  is  much  below 
that  calculated  as  above.  This  is  evidently  to  be  explained  by 
the  fact  that  these  methods  can  be  carried  out  only  at  rery  high 
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temperaturesj  viz.  above  the  fusing-point  of  the  chlorides^  and 
that  the  heat,  brought  in  from  withoat  in  heating  the  baths  to 
that  temperature,  supplies  part  of  the  energy. 

Thus,  for  instance,  the  E.M.F.,  in  preparing  sodium  by  the 
electrolysis  of  caustic  soda,  according  to  Castner's  method,  is  said 
to  amount  to  only  1  volt. 

In  the  following  pages  we  shall  enumerate  only  those  processes 
which  treat  of  the  electrolytic  production  of  alkaline  metals  from 
their  chlorides,  essentially  for  the  object  of  transforming  the  Na 
into  NaOH.  "We  therefore  do  not  take  notice  of  the  processes  for 
producing  the  alkaline  metal  as  such  in  a  commercial  form,  among 
which  that  of  Castner  (Engl.  pat.  13356,  1890)  has  had  the 
greatest  practical  success.  Castner  does  not  electrolyze  NaCl, 
but  NaOH;  his  process,  which  requires  a  tension  of  1  volt,  is 
stated  to  work  admirably  at  Oldbury.  Others  employ  for  this 
purpose  sodium  chloride,  as  Grabau  (Germ.  pat.  56280J  and 
Borchers  (Zschr.  f.  angew.  Chem.  1893,  p.  487). 

Werdermann  (Engl.  pat.  1933  &  1934,  1873)  believed  that  by 
the  electrolysis  of  fused  sodium  chloride  with  carbon  anodes  he 
had  produced  '^  sodium  subchloride,'^  Nsj^Cl  {sic),  and  was  able  to 
decompose  this  subsequently  by  water  into  caustic  soda  and 
sodium  chloride : 

Na2Cl  +  H80=NaOH+NaCl+H. 

Grabau  (Engl.  pat.  15792,1889)  produces  sodium  as  follows:-^ 
It  has  been  found  that  earthenware  vessels  soon  become  useless, 
but  not  in  consequence  of  the  heat,  but  owing  to  the  passage  of  the 
electric  current.  To  obviate  this  the  porcelain  cell  is  made  with  a 
double  wall,  the  top  of  which  rises  above  the  level  of  the  molten 
chloride,  so  as  to  leave  a  clear  gap  between  this  and  the  molten 
metal ;  the  current  then  does  not  pass  through  the  earthenware, 
but  round  underneath  into  the  metal  contained  in  the  bell-shaped 
cell,  the  metal  rising  into  this  cell  on  account  of  its  lower  specific 
gravity.  A  delivery-pipe  leads  away  from  the  top  of  the  cell  to  a 
receiver  containing  petroleum  in  an  atmosphere  of  nitrogen  or 
hydrogen. 

According  to  his  patent  No.  16060,  1890,  the  formation  of 
sodium  subchloride  is  avoided  by  mixing  1  mol.  KCl  with  1  mol. 
NaCl»  and  adding  to  each  3  molecules  of  the  mixed  chlorides 
1  mol.  strontium  chloride  (which  is  better  than  calcium  chloride). 
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This  mixture  melts  at  a  temperature  much  below  red  heat,  so 
that  no  subchloride  is  formed.  The  sodium  produced  contains 
3  per  cent,  potassium,  but  no  strontium. 

Surghardt  (Engl.  pat.  12977,  1892)  passes  the  alkaline  metal 
produced  by  Grabau^s  method  in  the  state  of  vapour  through  a 
pipe  into  which  steam  is  injected  at  the  same  time,  at  such 
temperature  that  the  caustic  soda  remains  liquid  and  can  be  run 
away  into  iron  drums  to  solidify. 

Stoerck  (Engl.  pat.  15649,  1892)  adds  to  the  fused  chloride 
some  fluoride,  which  does  not  itself  take  part  in  the  decomposition 
but  promotes  that  of  the  chloride.  He  describes  a  special  appa- 
ratus for  electrolysis,  the  bottom  of  which  is  hydraulically  sealed 
by  molten  lead. 

Bull  (Engl,  pat.  10735,  1892)  melts  the  chloride  in  a  covered 
cast-iron  vessel,  preferably  by  a  regenerative  gas-producer.  A 
porcelain-lined  tube  dips  underneath  the  melted  chloride,  and 
prevents  the  products  of  electrolysis  from  re-uniting.  The  elec- 
trodes consist  of  carbon  and  iron  rods. 

Vautin  (Engl.  pat.  13568  &  20404,  1893 ;  Journ.  Soc.  Chem. 
Ind.  1894,  p.  448)  describes  experiments  on  the  electrolysis  of 
molten  sodium  chloride,  with  employment  of  a  cathode  of  molten 
lead^  in  which  the  reduced  sodium  dissolves  as  an  alloy,  from  which 
it  is  possible  to  produce  either  sodium  by  distillation,  or  caustic 
soda  by  decomposition  with  water.  He  found,  on  comparing  the 
work  with  molten  sodium  chloride  and  that  with  a  solution  of  the 
same  salt,  under  exactly  similar  circumstances,  and  with  an  appa- 
ratus of  the  same  size,  that  in  the  former  case  the  E.M.F.  was 
2  volts,  and  4  amperes  could  he  passed  through ;  while  in  the  latter 
case  the  tension  was  3^  volts,  and  only  1*4  amperes  passed  through — 
demonstrating  that  at  least  5  times  the  quantity  of  current  could 
be  passed  through  the  fused  salt  as  is  possible  through  the  solution 
at  the  same  pressure.  He  proposes  to  employ  steel  crucibles  of 
cylindrical  shape,  with  semicircular  bottom.  A,  fig.  218;  the 
cylindrical  part  is  protected  by  a  magnesia  lining,  B,  reaching 
below  the  surface  of  the  molten  lead.  Thus  the  whole  crucible 
becomes  a  cathode^  and  current  can  be  taken  away  at  E.  FroQi 
the  bottom  of  the  crucible  a  tap  with  pipe  K  leads  to  the  caustic 
pot  L.  When  the  lead  in  A  has  taken  up  enough  sodium,  the 
liquid  alloy  is  run  through  K  into  L,  and  is  there  transformed  by 
steam  &c.  into  caustic  soda  and  lead;  then  molten  lead  is  again 
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run  into  A,  aod  so  on.  The  iron  cover  of  A  ia  protected  ag&iast 
tlie  actioa  of  chlorine  by  dipping  it  into  fused  salt,  which  on 
solidifying  coats  it  vith  a  crust,  and  does  not  fuse  again  during  the 
process.  [This  is  extremely  doubtful  I]  Cast-iron  is  not  suitable 
for  the  decomposing  crucible,  because  the  salt  would  sweat  through; 
if  lioed  with  magnesia,  it  would  do  better ;  but  steel  is  preferable. 
The  beating  may  be  produced  by  the  electric  current  itself  from 
within,  which  causes  much  less  wear  and  tear  than  heating  from 
without. 

The  lead  is  allowed  to  absorb  from  10  to  SO  per  vent.  Na,  and 


Pig.  218. 


is  then  treated  by  one  of  the  following  methods : — ^The  alloy  is 
broken  up  and  put  into  water,  whereby  caustic  soda  is  formed  at 
once ;  or  else  it  is  melted  in  an  iron  pot  and  exposed  to  the  action 
of  steam,  thus  producing  fuacd  caustic  soda,  which  is  ladled  off 
from  the  lead ;  or  else  this  is  done  by  a  continuous  process  {comp. 
Hulin,  p.  699).  The  sodium-lead  alloy  may  also  be  converted 
into  sodinm  oside  by  melting  with  caustic  soda, 

NaOH+Na-NajOfH, 
«nd  the  NftjO  may  then  serve  for  producing  sodium  peroxide ;  it 
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may  also  be  employed  for  the  manufacture  of  cyanide,  by  fusion 
with  potassium  ferrocyanide,  or  of  metallic  sodium^  by  distillation. 
The  E.M.F.  required  is  a  little  below  2  volts.  The  anodes  are 
made  of  retort-carbon^  boiled  with  a  concentrated  solution  of 
sugar  and  again  carefully  carbonized.  They  then  stand  for 
months  without  any  visible  wear  and  tear^  and  are  not^  like  ordi- 
nary gas-carbon^  converted  by  the  chlorine  into  a  mass  offering 
4BtroDg  electrical  resistance. 

In  Zschr.  f.  Elektrotechn.  u.  Elektrochem.  1894,  p.  250^  it  is 
stated  that  the  electrolysis  of  molten  alkaline  chlorides  with 
cathodes  consisting  of  molten  lead  had  been  patented  by  Napier 
as  early  as  1844  (No.  10362  &  10684).  But  these  patents  do  not 
treat  of  the  electrolysis  of  alkaline  chlorides^  but  of  those  of 
copper  ores^  and  cannot  be  considered  to  interfere  with  Yautin's 
process. 

According  to  the  Slst  Alkali  Report  (for  1894)  the  Vautin 
process  had  been  tried  for  a  short  time  on  a  small  manufacturing 
scale  at  Kearsley^  but  it  had  been  again  suspended. 

According  to  a  further  patent  of  Vautin^s  (No.  10197,  1894), 
free  alkaline  metals  are  to  be  obtained  by  distillation  from  the 
lead  alloy. 

Hulin  (Oerm.  pat.  79435)  decomposes  fused  alkaline  chlorides, 
employing  several  anodes  (?),  one  set  consisting  of  carbon,  the  other 
of  a  heavy  metal  or  an  oxide  of  that  metal  and  coal,  in  order  to 
obtain  au  alloy  of  the  alkaline  metal  with  the  heavy  metah 

« 

Electrolysis  of  Lead  Chloride. 

Already  in  1869,  Crockford  (No.  3204)  patented  the  electro- 
lysis  of  lead  chloride  to  produce  chlorine  and  lead,  but  this  could 
not  at  that  time  lead  to  any  practical  result.  This  process  hafl 
become  of  importance  recently  through  F.  M.  Lyte.  He  employs 
the  following  apparatus  (pat.  No.  7594,  18U3)  : — ^A  cast-iron  pot, 
A,  fig.  219,  heated  by  a  fire  MN  above  the  melting-point  of  lead 
chloride  (and  lead),  contains  a  decomposing-bell  B,  consisting  of 
stoneware  or  other  resisting  material,  and  dipping  with  its  lower 
edge  into  the  molten  lead  L.  The  bell  is  partially  filled  with 
lead  chloride  C ;  in  its  upper  part  the  chlorine  collects.  The 
pressure  of  the  liquid  PbCls,C  causes  the  level  of  the  lead  outside 
the  cell  to  be  higher  than  within ;   the  excess  of  lead,  which  is 
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oonstaDtly  forming,  is  removed  by  the  overflow  D.  E  are  the 
carboa  anodes,  passing  through  the  cover  of  B,  and  reaching  down- 
wards in  C  almost  to  the  level  oE  the  lead  L,  forming  the  cathode. 
¥  18  a  pipe  serving  for  charging  fresh  lead  chloride,  sealed  at  the 
bottom  by  the  molten  lead  chloride.      The  iron  cover  A'  holds  the 

Fig.  219. 


bell  B  within  vessel  A ;  B  fits  exactly  into  an  opening  of  A', 
and  all  round  there  are  small  holes  S,  in  order  to  fill  the  space  S' 
about  the  upper  portion  of  the  bell  with  ground  coal,  sand,  &c. 
These  mateiials  float  on  the  lead  outside  the  bell  and  prevent 
its  oxidation  and  the  radiation  of  heat.    Since  the  bell  A  has  to 
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sustain  only  the  pressure  corresponding  to  the  upper  portion  of 
the  molten  chloride^  it  need  not  have  very  thick  walls^  and  it 
may  consist  of  any  material  refractory  to  heat  and  chlorine^  as 
stoneware  or  plumbago.  The  joints  between  the  cover  of  the  cell 
and  the  anodes  and  pipes  are  made  air-tight  by  a  cement  of 
asbestos  and  silicate  of  soda.  If  B  is  made  of  plumbago  or  other 
conducting  material,  the  anodes  must  be  carried  through  insulated. 
Since  the  pot  A. is  not  exposed  to  the  influence  of  chlorine^  it  may 
be  made  of  cast-iron ;  the  electrical  connection  is  then  either  made 
by  a  tinned  iron  rod  H  dipping  into  the  lead  forming  the  cathode, 
or  by  the  vessel  A  itself  being  tinned  inside  to  produce  good 
contact  with  the  lead.  The  overflow  pipe  D  bends  a  little  down 
inside  to  prevent  obstruction  by  the  sand.  The  anodes  E  are 
tubular  carbons,  closed  at  the  ends  and  rounded  off  outside.  They 
contain  a  metal  core,  or  a  fusible  metal  or  alloy  whose  meltiug- 
point  is  below  that  of  lead ;  into  this  core  a  rod  projects  from  the 
pole  in  such  a  manner  that  a  good  electrical  contact  is  made 
without  mechanically  straining  the  carbon  by  the  expansion  of  the 
metal  in  heating. 

In  working  the  process,  first  A  is  filled  up  with  molten  lead  to 
a  sufficient  height,  the  bell  B  is  put  in,  and  lead  chloride  is  intro- 
duced through  F  in  the  state  of  powder  or  fused,  until  the  outer 
level  of  the  lead  has  reached  the  normal  height ;  ground  coal  or 
sand  is  put  in  through  S.  As  the  liquid  lead  runs  oif  through  D, 
more  lead  chloride  is  fed  through  F,  so  as  to  keep  the  level  as 
equal  as  possible.  (The  cathode  described  is  protected  by  a  special 
patent,  corap.  Chap.  XXX.) 

A  further  patent  (No.  7264,  1893)  improves  the  process  by 
displacing  the  air  contained  in  the  apparatus,  before  commencing 
the  electrolysis,  by  chlorine  or  nitrogen,  in  order  to  prevent  the 
injurious  action  of  oxygen  on  the  anode  carbon. 

In  carrying  out  this  process,  we  must  remember  that  the  f  using- 
point  of  lead  chloride  is  about  500^  C.  (various  authors  state  it 
between  485°  and  510°) ;  its  boiling-point,  according  to  Carnelley 
and  Williams  (Journ.  Chem.  Soc.  xxxvii.  p.  126),  is  between  861° 
and  954°  C.  Metallic  lead  melts  at  326''  and  boils  between  1090° 
and  1450°.  The  specific  gravity  of  lead  chloride  is  5*8  (metallic 
lead  11*3)  j  in  the  fused  state  it  is  an  excellent  conductor  for 
electricity,  viz.  at  510°,  22500. 10""^  at  580°,  30000.10"',  ex- 
pressed in  itoits  of  mercury.     Its  decomposing-tension  has  been 
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found  by  Lorenz  (Zeitsch.  f.  Elektrochemie,  ii.  p.  833)  to  vary 
between  1*1  .and  0*1  volt,  according  to  the  intensity  of  tlie 
current. 

The  lead  chloride  necessary  for  Lyte's  process  can  be  procured 
in  various  ways  (patents  Nos.  4068,  5352,  8692,  17745,  21464,  of 
1891  ;  7264,  13654,  13655,  of  1893,  the  last  taken  in  conjunction 
with  6.  Lunge).  Lead  sulphate  may  be  decomposed  by  a  strong 
solution  of  magnesium  and  sodium  chloride ;  most  of  the  PbCls 
crystallizes  from  the  solution  on  cooling.  The  silver  present  is 
precipitated  by  zinc ;  the  alkaline  sulphate  is  separated  by  further 
cooling,  and  at  last  the  remainder  of  the  lead  by  a  fresh  addition 
of  alkaline  chlorides,  &c.  Or  lead  oxide  is  converted  into  chloride 
by  means  of  hydrochloric  acid  or  ammonium  chloride.  Lead 
nitrate  is  decomposed  with  calcium  or  magnesium  chloride  into 
lead  chloride  and  the  nitrates  of  calcium  or  magnesium,  from 
which  the  nitric  acid  is  recovered  by  heating.  Or  PbCls  is  made 
from  PbO  or  lead  nitrate  by  HCl ;  in  the  last  case  free  nitric  acid 
is  formed.  In  all  cases  the  lead  nitrate  is  first  treated  with  finely 
divided  lead,  in  order  to  precipitate  the  silver  present  in  the  crude 
lead. 

Special  attention  is  paid  to  the  combination  of  the  process  with 
the  utilization  of  the  chlorine  from  the  calcium  and  magnesium 
chloride^  contained,  e,  g,,  in  the  waste  liquor  from  the  ammonia-soda 
and  the  potassium-chloride  manufacture.  These  are  decomposed 
by  lead  nitrate  into  lead  chloride  and  the  nitrate  of  the  alkaline 
earth ;  by  heating  the  latter,  the  alkaline  earth  and  the  nitric  acid 
are  split  off  and  are  separately  recovered.  Magnesium  chloride 
may  also  be  obtained  from  CaCl^  by  means  of  the  Schaffher-Helbig 
process  (treatment  with  MgO  and  CO^).  The  calcium  nitrate, 
after  separating  the  crystallized  PbCl2^  still  holds  some  of  it  in 
solution ;  this  can  be  almost  completely  precipitated  by  slightly 
acidulating  with  hydrochloric  or  nitric  acid ;  the  slight  proportion 
of  chlorine  produced  in  the  former  case  has  a  favourable  action 
when  employing  the  recovered  nitric  acid  for  dissolving  lead  oxide 
by  precipitating  the  silver.  The  PbCI^  may  also  be  precipitated  by 
lime,  &c.  afl  oxychloiide,  or  by  calcium  sulphide  as  lead  sulphide. 
Calcium  or  magnesium  nitrate  is  decomposed  at  a  low  red  heat; 
the  vapours  are  treated  with  air  and  water  for  the  recovery 
of  nitric  acid.  Any  undecomposed  nitrate  is  washed  out  of 
the  residue  by   water.     The'  recovered  nitric  acid  is  employed 
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for  dissolving  lead  oxide  (massicot) ;  this  is  obtained  either  bj 
oxidizing  the  metallic  lead  obtained  in  the  electrolysis  of  the 
chloride  or  from  commercial  lead.  In  the  latter  case  the  solution 
contains  silver^  and  is  desilverized  by  the  addition  of  spongy  lead 
before  adding  the  calcium  chloride.  The  PbCl2  is  then  preci- 
pitated^ washed^  dried^  and  electrolyzed  as  above  described. 

The  principal  process  for  obtaining  the  lead  chloride  is  that 
which  is  described  in  the  later  patents^  partly  together  with  Lunge. 
Sodium  nitrate  is  treated  with  ferric  oxide^  and  from  the  residue 
caustic  soda  and  ferric  oxide  (partially  in  the  shape  of  Venetian 
red)  are  recovered.  The  vapours  are  condensed  to  nitric  acid,  and 
lead  oxide  is  dissolved  in  the  latter.  The  lead  nitrate  is  decom- 
posed by  sodium  chloride  into  lead  chloride  and  sodium  nitrate ; 
most  of  the  FbCl^  crystallizes  out  on  cooling ;  the  remainder  is 
precipitated  by  lime,  soda,  or  lead  oxide  as  basic  lead  chloride. 
The  lead  chloride  is  electrolyzed  as  described,  p.  704,  and  furnishes 
chlorine  and  metallic  lead,  which  is  oxidized  to  PbO,  and  is  then 
dissolved  in  the  nitric  acid  recovered  from  the  sodium  nitrate  by 
igniting  with  ferric  oxide. 
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CHAPTER  XXVIII. 

CHLORINE  FROM  HYDROCHLORIC  ACID :  BLEACH-LIQUOR, 

Y.  Electrolytic  Production  of  Chlorine  from 
Hydrochloric  Acid  and  vice  versd. 

Geisenberger  (prov.  prot.  No.  8104,  1883)  produces  a  current 
by  the  action  of  hydrochloric  acid  on  plates  of  zinc  and  carbon, 
arranged  in  couples,  and  by  means  of  this  current  he  decomposes 
the  zinc  chloride,  generated  in  the  first  vessel,  in  a  second  vessel 
into  chlorine  and  metallic  zinc. 

Hopfner  (Engl.  pat.  19375,  1891)  makes  chlorine  from  hydro- 
chloric acid,  or  from  a  mixture  of  a  chloride  "with  sulphuric  acid. 
The  solution  circulates  in  the  electrolytic  apparatus,  and  is  always 
brought  back  again  to  the  same  strength  by  adding  aqueous 
hydrochloric  acid  or  blowing  in  gaseous  HCl.  This  process  is 
specially  adapted  for  the  recovery  of  chlorine  from  the  calcium- 
chloride  liquors  of  the  Weldon  and  the  ammonia-soda  process, 
which  are  decomposed  by  sulphuric  acid  and  then  electrolyzed. 
The  diaphragms  are  made  by  uitro-parchment,  which  is  not  acted 
upon  by  chlorine,  but  does  not  resist  reduction  at  the  cathode  in 
the  presence  of  alkali ;  therefore  a  second  parchment-paper,  non- 
nitrated,  is  employed  next  to  the  cathode. 

Kellner  (Engl.  pat.  20060,  1891)  makes  chlorine  from  hot 
hydrochloric  acid,  together  with  hydrogen,  in  acid-proof  apparatus, 
consisting  of  superposed  tanks,  divided  by  ribs  into  longitudiual 
cells  and  containing  horizontal  electrodes.  The  hydrochloric  acid 
is  made  to  flow  through  all  the  compartments  from  top  to  bottom, 
and  is  heated  by  indirect  steam.  [This  procedure  is  technically 
impossible;  the  lead  worm  would  be  dissolved  in  a  very  short  tiuje 
by  hot  hydrochloric  acid.] 
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Oettel  (Zschr.  f.  Elektrochemie,  1895,  p.  57)  has  made  labora- 
tory experiments  on  the  electrolysis  of  hydrochloric  acid.  He 
shows  that  the  highest  yield  of  chlorine  is  attained  by  increasing 
the  current-density  at  the  cathode,  and  thereby  diminishing  the 
reducing  action  of  hydrogen ;  further  by  diminishing  the  solu- 
bility of  chlorine  in  the  acid  through  the  addition  of  various  salts. 
In  the  latter  case  the  yield  of  chlorine  may  go  up  to  92  to  98  per 
cent,  of  the  theoretical. 

Knorre  (Germ.  pat.  No.  83565)  proceeds  upon  the  last-men- 
tioned principle  by  dissolving  about  160  grams  NaCI  in  1  litre 
7  per  cent,  hydrochloric  acid,  previous  to  electrolyzing.  The  HCl 
can  thus  be  entirely  decomposed^  the  yield  being  at  first  98  per  cent., 
and  ultimately  85  per  cent,  of  the  theoretical.  When  only  traces  of 
free  HCl  are  left,  the  solution  of  NaCl  is  re-employed  for  absorbing 
HCl  in  the  ordinary  manufacturing  process.  The  electrodes  are 
made  of  carbon ;  no  diaphragms  are  required.  The  process  is 
founded  upon  the  intermediary  formation  of  sodium  hypochlorite 
and  its  subsequent  decomposition  by  hydrochloric  acid^  which  takes 
place  even  in  the  most  dilute  solutions. 

The  conversion  of  free  electrolytic  chlorine  into  hydrochloric 
■  acid  is  a  problem  which  till  now  would  have  appeared  to  possess 
exclusively  theoretical  interest.  The  development  of  electrolytic 
methods  may,  however,  lead  to  such  changes  in  the  respective 
values  of  free  chlorine  and  hvdrochloric  acid,  that  the  manufacture 
of  the  latter  from  the  former,  hitherto  a  technical  absurdity,  might 
become  a  reality.  No  doubt  means  would  then  be  found  for 
combining  CI  and  H  without  incurring  the  danger  of  explosion. 
Tn  this  connection  it  is  aUo  interesting  to  note  that  Lorenz 
(Zeitsch.  f.  anorgan.  Chem.  x.  p.  74)  has  shown  that  a  mixture  of 
chlorine  and  steam,  when  passed  through  a  porcelain  tube  filled 
with  charcoal  and  heated  to  a  dark  red  heat,  is  immediately  and 
quantitatively  converted  into  a  mixture  of  HCl  and  CO  : 

2  Cl  +  H,0  +  C=2  HCl  +  CO. 

When  washing  out  the  HCl  by  water,  almost  pure  carbon 
monoxide  is  obtained,  and  this  might  be  employed  for  heating  the 
apparatus.  This  proposal  has  been  patented  by  the  inventor 
(Engl.  pat.  25073,  1894). 
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VI.  Pbepaeatio.v  or  Bleach-Liquors  by  Electrolysis 

OF  Chlorides. 

According  to  Chem.  Ind.  1893,  p.  129,  as  early  as  1820  Brand 
bleached  calico  electrolyticaliy  between  two  platinum  plates. 
This  must  have  beeu  au  experiment  made  on  a  small  scale, 
coming  at  least  sixty  years  before  the  time  when  such  a  process 
could  hfiye  the  slightest  prospect  of  realization  for  industrial 
purposes. 

Hermite  was  one  of  the  first  to  develop  electrolytic  bleaching 
by  means  of  chlorine  obtained  from  calcium  or  magnesium  chloride. 
His  first  English  patents  are  Nos.  5160,  1883,  and  13929,  1884. 
The  best  results  are  said  to  be  obtained  with  solution  of  magnesium 
chloride  of  spec.  grav.  1-125,  or  calcium  chloride  spec.  grav.  1*190; 
these  solutions  are  always  regenerated  by  the  bleaching  process. 
The  cathodes  consist  of  zinc,  the  anodes  of  platinum.  Only  a  ninth 
part  of  the  chlorine  is  required  of  that  which  is  consumed  in 
ordinary  bleaching.  The  chemical  equations  which  are  to  explain 
this  are  of  a  more  than  doubtful  kind  and  are  not  worth 
repeating.  Patent  No.  3957,  1886  (p.  686),  in  which  a  mercury 
cathode  is  employed,  does  not  seem  to  have  been  carried  out  on  a 
large  scale.  In  patents  Nos.  14673,  1886,  and  1993,  1887,  Her- 
mite, Paterson,  and  Cooper  describe  a  tank  with  perforated 
partition,  with  electrodes  of  zinc  and  platinum  and  a  screw 
propeller,  which  keeps  the  liquid  in  constant  circulation  and 
impels  it  towards  the  electrorles.  The  zinc  is  constantly  acTHpod 
by  mechanically  moved  knives,  in  order  to  prevent  atiy  deposits 
accumulating  thereon. 

A  further  patent  by  Hermite,  Paterson,  and  Cooper  (Germ,  pat, 
49851)  recommends  for  electrolytic  bleaching  a  solution  of  1  part 
magnesium  chloride  and  4  parts  rock-salt,  of  spec.  grav.  1*03,  or  a 
5  or  6  per  cent,  solution  of  carnallite,  to  which  a  little  magnesia  is 
added  in  order  to  keep  the  bath  alkaline.  Another  mixture  is  given 
in  Hermite's  English  patent  No.  5393,  1887  :— 

INaCl,  2-3MgCl„  lOOHjO. 

Cross  and  Bevan  (Journ.  Soc.  Chem.  Ind.  1887,  p.  170)  made 
an  extremely  favourable  report  on  the  Hermite  process  in  which 
they  asserted  that  the  bleaching-action  of  the  electrolyzed  solution 
of  magnesium  chloride  (which  is  the  one  practically  employed)  is 
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greater  than  that  of  a  solution  of  chloride  of  lime  (bleaching- 
powder)  of  equal  oxidizing  power  with  reference  to  arsenious 
acid,  in  the  proportion  of  5  :  3 ;  also  that  the  oxidizing  action  (the 
formation  of  free  oxygen)  is  superior  to  that  which  is  calculated 
from  Faraday's  law.  [The  former  is  probably  simply  explained 
by  the  fact  that  magnesium  hydrocUorite^  prepared  in  a  certain 
way,  is  less  stable  than  calcium  hypochlorite  and  has  a  quicker 
bleaching-action  (p.  497) ;  the  latter  may  have  been  caused  by 
uncertainties  in  measuring,  the  more  so  as  the  difference  is 
but  slight.]  The  best  concentration  of  the  solution  of  MgCl^ 
they  found  to  be  2^  per  cent.  The  cost  of  the  process  is  caU 
culated  as  follows : — The  minimal  yield  of  available  chlorine  was 
found  ^1*25  grams  per  ampere-hour,  at  a  tension  of  5  volts,  and 
the  estimate  is  570  H.P.  per  hour  for  2  cwt.  chlorine  as6  cwt. 
bleaching-powder.  Since  they  assume  the  bleaching-efficiency  of 
this  chlorine  to  be  as  5  :  3  of  that  of  ordinary  bleaching-powder^ 
570  H.P.  would  be  the  equivalent  of  10  cwt.  of  bleaching-powder 
per  hour,  or  50  H.P.  that  of  a  ton  of  bleaching-powder  in  24  hours. 
Taking  the  cost  of  a  H.P.  as  £9  per  year  of  300  working  days,  we 
arrive  at  £1  lOs,  as  the  equivalent  of  a  ton  of  bleaching-powder,  for 
electricity  produced  by  steam.  To  this  they  add  £1  for  interest 
and  depreciation,  altogether  £2  10^.  [which  does  not  allow  for  any 
other  expenses] . 

Cross  and  Sevan's  paper  was  strongly  attacked  by  Armstrong 
(Joum.  8oc.  Chem.  Ind.  1887,  p.  246)  and  especially  by  Hurter 
{ibidem,  p.  837) ;  the  latter,  on  the  basis  of  his  own  experiments 
and  antlyses,  declared  their  results  to  be  erroneous  and  entirely 
impossible.  According  to  his  calculation,  the  electrolytic  equiva^ 
lent  of  a  ton  of  bleaching-powder  would  be,  not  £2  10«.,  but  from 
£22  to  £42. 

Cross  and  Sevan  {ibid.  1888,  p.  292)  replied  to  this  criticism 
by  a  long  series  of  laboratory  and  bleaching  experiments  on  a 
larger  scale,  contrasting  strongly  with  Hurter's  assertions  and 
results.  Hurter^s  reply  {ibid,  p.  726)  explained  a  few  smaller 
contradictions,  but  on  the  whole  these  discussions  did  not 
throw  any  light  upon  their  enormous  discrepancy  in  the  valua- 
tion of  the  Hermite  process  which,  according  to  reports  from 
America,  was  at  that  time  in  full  profitable  operation  at  a 
paper-mill.  On  the  other  hand,  the  English  paper-mill  where 
those   first  excellent  results  had  been  obtained  abandoned  th6 
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process  and  sold  the  apparatus  as  old  iron.  But  the  process  made 
its  way  again  in  other  places^  as  is  proved  by  the  following  notes^ 
from  which  it  appears  that  it  is  not  at  present  applied  to  mag- 
nesium chloride  but  to  sodium  chloride. 

According  to  the  *  Papier-Zeitung/  1894^  p.  427,  the  Hermite 
process  is  in  operation  at  the  sulphate-cellulose  works  at  Stjemfors 
near  Uddeholm  (Sweden).  During  the  last  four  years  they  had 
bleached  35  cwt.  every  day,  with  water-power  amounting  to  75  H.P., 
and  a  decomposition  of  1 10  kil.  salt  per  ton  of  cellulose.  Although 
the  power  required  is  twice  as  high  as  stated  by  Cross  and  Bevan^ 
the  bleaching  at  that  place  is  cheaper  than  by  means  of  bleaching- 
powder.  Cross  and  Bevan  (Journ.  Soc.  Chem.  Ind.  1892,  p.  964) 
state  that  the  Hermite  process, ''  to  prove  the  utter  absurdity  of 
which  a  considerable  amount  of  energy  was  devoted  by  a  distin- 
guished authority,  has  proved  itself  highly  successful  on  the 
Continent.  At  the  present  it  is  replacing  3000  tons  of  bleaching- 
powder  per  annum/' 

Fischer^s  Jahresb.  1889,  p.  1175,  contains  a  description  of  the 
application  of  this  process  at  a  Cardiff  paper-mill. 

The  process  of  Hermite  for  disinfecting  sewage  by  the  electro- 
lysis of  sea-water  or  artificial  compositions  of  a  similar  kind 
cannot  be  treated  here :  I  only  refer  to  the  detailed  report  by 
Roscoe  and  Lunt  (Journ.  Soc.  Chem.  Ind.  1895,  p.  224)  and  a 
number  of  investigations  published  in  the  Zeitsch.  f.  Elektro- 
chemie,  ii.  (1895-96)  pp.  66,  88. 

Steps  now  (Germ.  pat.  61708)  employs  a  solution  of  sodium 
chloride  containing  lime,  the  reaction  being  : 

2  CaOjH,  +  4  NaCl  +  2  H,0 = CaCl^  +  CaO,Cl, + 4  NaOH  +  2  Hj. 

Half  of  the  caustic  soda  formed  is  decomposed  with  the  CaCl^  into 
NaCl  and  precipitated  CaOsHj;  the  other  half  remains  in  solution^ 
His  apparatus  consist«i  of  many  lead  boxes,  suspended  in  tiers 
from  a  sloping  frame,  the  electrolyte  running  gradually  through 
all  of  them ;  the  boxes  serve  as  cathodes,  and  the  anodes  consist  of 
platinum-foil. 

Kellner  (Engl.  pat.  10200,  1892)  prepares  a  bleaching-liquor  by 
combining  the  ions  produced  by  electrolysis  outside  the  apparatus. 
The  chlorine  enters  at  the  bottom  of  an  absorbing-tower^  through 
which  drops  the  alkaline  liquor  coming  from  the  cathode  space. 
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after  having  been  liberated  from  the  bydrogea  carried  aloog  by 
violent  agitation. 

According  to  another  patent  (No.  13723, 1893)  Kellner  proceeda 
as  follows ;— A  trough  A,  figs.  221,  222,  223,  is  closed  by  a  cover 


Fig.  221. 


Kg.  52a. 


B,  and  is  provided  at  tvo  opposite  sides  with  alternately  placed 
grooved  ledges  a,  a^  . . .  a^,  b,  i,, . . .  b^.  In  these  grooves  tbe 
electroilea  1,  2, 3  . . .  n,  consisting  of  carbon  or  of  metal  platioizetl 
on  one  side  [this  would  not  do,  as  no  platinizing  will  protect  the 
underlying  metal  for  any  length  of  time!],  are  placed  in  such 
manner  that  their  free  ends  reach  into  the  space  lying  between 
each  two  opposite  ledges.  The  first  and  the  last  electrode  project 
from  trough  A  through  cover  B  and  bear  the  contacts  C  and  C,. 
The  solution  of  sodium  chloride  is  introduced  by  pipe  D  into  A 
and  runs  off  through  E,  after  having  travelled  in  a  sigzag  course 
between  the  electrodes  in  the  direction  of  the  arrows.  The 
electrodes  divide  the  whole  space  into  a  row  of  cells,  and  act  always 
on  one  side  as  anodes,  on  the  other  as  cathodes.      In  consequence 
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of  the  electrolyte  having  to  pass  between  the  electrodes  and  the 
ledges  a  to  a^  and  h  to  4^,  any  loss  of  current  is  avoided^  and  every 
cell  behaves  like  a  separate  element.  If,  e.  g.^  a  dynamo  of 
99  volts  and  32  amps,  is  at  disposal,  23  electrode-plates  will  be 
employed,  forming  together  22  cells ;  in  each  cell  there  is  a  tension 
of  4*5  Tolts  and  a  current  of  32  amps,  will  pass  ;  thus  the  action 
of  a  current  of  4*5  volts  and  704  amps,  will  be  attained.  From 
the  NaCl  solution  chlorine  is  evolved  at  all  anodes,  and  NaOH  is 
formed  at  all  cathodes ;  the  liquid  travelling  through  the  apparatus 
brings  them  both  together,  and  combines  them  into  sodium  hypoi- 
chlorite;  the  hydrogen  disengaged  on  the  cathode  side  is  harmless 
owing  to  the  quickness  of  the  flow.  The  bleaching-iiquor  issuing 
from  E  is  carried  into  the  vessel  where  the  bleaching  has  to  take 
place,  and  from  this  returns  into  the  decomposing- vessel.  If 
carbon-plates  are  employed  as  electrodes,  a  filter  is  interposed 
between  trough  A  and  the  bleaching-vessel,  consisting  of  glass- 
wool  contained  between  two  perforated  plates  or  metallic  tissues. 

A  further  patent  of  Kellner's  (No.  19542,  1893)  describes 
*'  bleaching-blocks/'  to  be  lowered  into  beating-engines  for  paper- 
pulp,  consisting  of  insulated  plates  of  copper,  gun-metal,  or  phos- 
phorous bronze,  covered  on  the  anode  side  with  platinum-foil  and 
amalgamated  on  the  cathode  side.  The  beating-engine  is  filled 
with  a  solution  of  sodium  chloride,  which  on  closing  the  circuit  is 
changed  into  a  bleaching-solution.  Another  form  of  this  is 
described  in  No.  8206,  1894. 

A  German  patent  of  Kellner's  (no.  69780)  prescribes  increasing 
the  energy  of  free  chlorine  by  the  dark  current  between  electrodes. 

Montgomery  (Engl.  pat.  2329, 1892)  proposes  to  promote  electro- 
lytical  bleaching  by  driving  a  current  of  air  through  the  bath, 
which  is  supposed  to  promote  oxidation  and  at  the  same  time  to 
bring  the  products  of  electrolysis  into  intimate  contact  with  the 
textile  fabrics. 

Andreoli  (Germ.  pat.  51534)  prepares  a  bleaching-iiquor  from 
NaCl  solution  of  spec.  grav.  1*089;  there  is  always  one  cathode 
between  two  anodes  of  much  greater  surface.  For  the  oxidation 
of  hydrogen  the  cathodes  are  surrounded  by  wire  gauze  filled 
with  small  pieces  of  manganese  ore.  An  English  patent  of  the 
same  inventor^s  (No.  8161,  1888)  described  anodes  cast  from  lead 
chloride,  and  subsequently  by  reduction  and  oxidation  transformed 
into  lead  peroxide,  in  combination  with  manganous  chloride;  also 
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several  varieties  of  electrodes^  including  the  application  of  alternate 
currents  and  heating  the  bath  to  60^  C.  Again^  quite  different 
from  this  is  a  report  on  Andreoli's  process  (which  seems  to  have 
undergone  many  changes)  in  Fischer^s  Jahresb.  1890^  p.  1111. 

Andreoli  (Engl.  pat.  1661^  1893)  further  describes  an  apparatus 
for  elcctrolyzing  not  merely  chlorides,  but  also  sulphates  and 
nitrates.  The  cell  is  a  trough  of  iron,  within  which  stands  a 
trough  made  of  carbon  or  of  several  layers  of  wire  gauze,  electri- 
cally connected  with  the  former  (auxiliary  cathode) ;  in  the  latter 
the  carbon  or  platinum  anodes  are  suspended.  Inside  the  anode 
compartment  sodium  hy|]fochlorite  is  formed,  outside  caustic  soda 
and  hydrogen.  The  auxiliary  cathodes  are  to  reduce  the  electrical 
resistance.  In  this  way  a  row  of  cells  can  be  formed  through 
which  the  liquids  flow  from  both  chambers,  one  after  the  other, 
and  thereby  are  concentrated  ;  the  hypochlorite  solution  from  the 
anode  chamber  is  cooled,  to  avoid  the  formation  of  chlorate. 

Knofler  and  Oebauer  (Engl.  pat.  20214,  1892)  describe  the 
following  apparatus  as  being  especially  adapted  for  producing 
bleach  ing-solutions  by  means  of  currents  of  high  tension.  The 
electrodes  are  thin  plates,  separated  by  insulating  frames,  kept 
together  as  in  a  lilter-press,  with  india-rubber  or  asbestos  washers — 
each  electrode  acting  on  oue  side  as  an  anode,  on  the  other  as  a 
cathode.  They  may  consist  of  platinum,  carbon,  manganese 
peroxide,  lead  peroxide,  &c..  With  platinum,  sheets  of  1  mill, 
thickness  may  be  used  and  10  or  more  amperes  may  be  passed 
through  per  gram  platinum,  employed  as  a  sheet  with  a  surface 
of  100  square  centimetres.  Since,  except  at  the  end  plates,  no 
contacts  are  necessary,  the  repairs  are  slight.  Where  diaphragms 
are  necessary,  they  are  enclosed  between  the  frames,  just  like  the 
electrodes. 

In  pat.  No.  5578,  1893,  Knofler  and  Gebauer  state  that  they 
electrolyze  mineral  salts  without  diaphragms  with  currents  of  300 
to  800  amperes  per  square  metre  of  electrode  surface,  the  strength 
of  Uquor  in  available  chlorine  being  regulated  by  the  temperature. 
When  employing  a  10-per-cent.  solution  of  salt,  it  is  possible,  by 
feeding  the  apparatus  with  a  definite  quantity  of  solution  within  a 
given  time,  to  keep  both  the  temperature  and  the  percentage  of 
available  chlorine  constant  without  any  chemical  analysis.  In 
consequence  of  their  arrangement,  by  which  the  cells  are  formed 
by  plates,  serving  on  one  side  as  anodes,   on  the  other  side  as 
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cathodes  [which  is  also  the  case  in  Kellner's  apparatus,  p.  714], 
very  fnany  cells  can  be  worked  in  series.  This  is  especially  useful 
with  platinum  electrodes,  which  may  in  this  case  be  taken  as  thin 
as  0*01  millim.,  and  yet  are  fit  to  transmit  per  square  decimetre 
surface  10  and  more  amps. 

Hermite,  Paterson,  and  Cooper  (Engl.  pat.  10930,  1895)  de- 
scribe a  battery  for  converting  sea-water  or  other  saline  chloride 
solutions  into  disinfectants.  The  battery  consists  of  a  series  of 
glass  or  other  suitable  tubes.  Within  each  tube  is  a  cylinder  of 
zinc  and  a  platinized  copper  wire,  which  are  connected  alternately. 
The  tubes  are  fitted  with  stoppers,  through  which  narrower  tubes 
pass,  conveying  the  solution  to  be  electrolyzed  alternately  from 
the  bottom  to  the  top  of  another  tube.  The  solution  finally  runs 
into  a  reservoir,  in  which  a  float,  attached  to  a  rod  travelling  in 
guides,  actuates  a  simple  system  of  levers,  which  in  turn  auto- 
matically regulate  the  electric  current  and  the  supply  of  saline 
solution.  A  somewhat  difierent  form  of  anode  is  described  in 
their  patent  No.  10929,  1895. 

Schoop  (Zsch.  f.  Elektrochemie,  1895,  ii.  pp.  209  &  227)  describes 
experiments  on  the  electrolysis  of  calcium-chloride  solutions. 

Oettel  (Zsch.  f.  Elektrot.  u.  Elektroch.  i.  p.  354}  and  Lambert 
(Bull.  Soc.  Chem.  (3)  xi.  p.  56)  prove  that  liquors  containing  a 
large  proportion  of  bleaching-chlorine  cannot  be  obtained  by 
electrolysis.  [This  would  show  that  commercial  bleach-liquor 
cannot  be  obtained  in  this  way,  but  it  does  not  interfere  with  the 
direct  employment  of  electrolytic  bleaching  of  fibres  or  paper- 
pulp.]  Oettel's  researches  will  be  mentioned  in  detail  when 
treating  of  the  electrolytic  formation  of  chlorates. 

Engelhardt  (Chem.  Zeit.  Repert.  1895,  p.  411)  asserts  that 
electrolytical  bleach-liquors  can  be  obtained,  testing  1  per  cent, 
available  chlorine,  that  these  keep  better  than  bleaching-powder 
solutions,  and  that  the  fabrics  bleached  with  them  are  more  easily 
washed  free  from  chlorine  than  those  bleached  in  the  old  way. 
He  also  adds  the  very  doubtful  assertion  that  the  fabrics  are  less 
acted  upon  by  this  bleach  than  in  the  ordinary  way. 
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Analytical  Methods  for  Testing  Electrolytic  Bleaching^ 

Solutions. 

.Norton  (Chem.  News,  Ixvi.  p.  115)  proposes,  for  the  purpose  of 
estimating  available  chlorine  as  well  as  chlorides  (NaOCl  and 
NaCl),a  method  which  1  had  described  many  years  ago, and  which  is 
in  fact  the  simplest  and  best,  viz.  titrating  the  available  chlorine  bT 
sodium  arsenite  according:  to  Penot's  method,  by  which  the  NaOCl 
is  transformed  into  NaCl,  and  subsequently  titrating  the  total 
chloride  in  the  same  solution  by  silver  nitrate,  in  which  case  the 
sodium  arseniate  formed  acts  extremely  well  as  an  indicator,  instead 
of  the  potassium  chromate  otherwise  employed.  By  subtracting 
the  first  from  the  second  quantity,  we  obtain  the  chloride  originally 
present  as  such. 

The  chlorate  is  estimated  by  Norton  along  with  the  other 
chlorine  compounds  by  adding  an  excess  of  standard  silver 
solution,  boiling  with  a  solution  of  sulphurous  acid  and  a  little 
nitric  acid  till  the  excess  of  SO3  is  expelled  and  all  chlorine  com- 
pounds are  reduced  to  chloride,  and  titrating  the  excess  of  silver 
by  means  of  Volhard's  sulphocyanide  method,  employing  iron-alum 
as  indicator.  From  this  total  chlorine  the  previously  estimated 
chloride  and  hypochlorite  are  deducted,  in  order  to  find  the 
chlorate  *. 

For  estimating,  in  electrolyzed  solutions  of  sodium  chloride,  free 
alkali  in  the  presence  of  NaOCl  and  NaClOs,  Ullmann  (Chem. 
Zeit.  1893,  p.  1208)  employs  a  titrated  solution  of  succinic  acid, 
which  expels  CO3  and  HOCl,  but  not  HCl,  and  which  is  stable 
towards  oxidizing  and  chlorinating  agents.  The  solution  is  heated 
with  an  excess  of  succinic  acid  until  the  smell  of  UOCl  has 
vanished  ;  then  phenophthalein  is  added,  and  the  titration  finished 
by  standard  soda  solution. 

*  I  will  here  mention  the  direct  estimation  of  chlorate,  worked  out  by 
Fresenius  (Zech.  f.  anorgan.  Chem.  1895,  p.  501),  and  applying  also  to  the 
analysis  of  bleaching-powder,  p.  439.  Acetate  of  lead  is  added  to  the  solution 
till  all  the  h^'pochlorite  has  been  destroyed,  PbO,  being  formed.  To  Uie 
filtrate  a  slight  excess  of  sodium  carbonate  is  added ;  the  solution  filtered  from 
the  precipitate  contains  all  the  chlorate,  which  is  estimated  by  Hiatilling  with 
hydrochloric  acid  into  a  solution  of  potassium  iodide. 
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CHAPTER  XXIX. 

CHLORATES. 

The  formation  of  potassium  chlorate  (and  perchlorate)  in  the 
electrolysis  of  potassium  chloride  was  observed  by  Kolbe  many 
years  ago^  at  a  time  when  nobody  thought  of  a  technical  applica- 
tion of  electrolysis  in  chemical  manufacture.  When  this  was 
realized^  inventors  soon  found  that  chlorates  were  unexpectedly 
formed^  when  trying  to  decompose  the  alkaline  chlorides  into 
chlorine  and  caustic  alkali.  Already  in  one  of  the  first  of  the 
patents  treating  of  electrolysis,  that  of  Charles  Watt  (p.  655), 
this  is  mentioned.  The  real  manufacture  of  potassium  chlorate 
by  electrolysis  was  first  brought  about  by  Gall  and  Montlaurs' 
patents. 

Their  English  patent  (No.  4686, 1887)  gives  a  very  brief  outline 
of  the  process.  The  alkaline  chlorides  are  to  be  electrolyzed  at 
50°  C.  in  a  trough,  divided  into  two  parts  by  a  porous  partition. 
The  liquid  circulates  from  the  negative  to  the  positive  pole,  so  that 
the  alkali  set  free  at  the  cathode  at  once  combines  with  the  chlorine 
formed  at  the  anode. 

During  a  visit  which  I  made  in  1889  to  the  experimental  works 
at  Villers-sur-Hermes,  the  inventors  gave  me  the  following  notes 
respecting  the  process : — The  reaction  is  carried  out  in  vessels, 
provided  with  diaphragms  of  a  special  construction,  at  such  tem- 
peratures  that  the  initially  formed  hypochlorite  cannot  exist.  The 
concentration  of  the  liquor  is  so  great  that  the  chlorate  crystallizes 
n  the  bath  and  is  fished  out  with  ladles  made  of  enamelled  cast- 
iron.  The  current  employed  was  1000  amps,  and  25  volts,  in  five 
baths  put  in  series  at  5  volts  each,  while  theory  requires  4*36  volts, 
according  to  Gall.  In  practice,  1  kil.  potassium  requires  1  H.P. 
during  24  hours.     [This  is  45  per  cent,  of  the  theoretical  yield ; 
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an  I.H.P.  ought  to  yield  at  least  600  watts^  or^  with  a  tension  of 
5  volts,  120  amperes;  120x0018305  =  2*205  kil.  would  be  the 
theoretical  yield  of  KCIO3.] 

This  process  was  carried  out  in  1891  by  the  Society  d'Electro- 
chirnie  at  Vallorbes  in  Switzerland,  by  means  of  a  waterfall  on 
the  Orbe  (Saut-du-Day)  of  100  feet  height,  equal  to  3000  H.P. 
The  following  details  respecting  the  works  are  compiled  from. 
'  Engineering  and  Mining  News,'  1894,  p.  615,  '  Revue  de  Chimie 
industrielle,'  1893,  p.  89,  and  Monit.  scient.  1894,  p.  502. 

Of  the  3000  H.P.  available,  the  older  plant  utilized  about  1500, 
by  10  turbines  oE  160  H.P.  each  (9  for  work,  1  as  reserve).  Later 
on,  two  new  turbines  at  700  H.P.  each  were  erected.  The  turbines 
are  on  Jacob  Kiether's  system,  1  metre  diameter ;  the  new,  more 
powerful  turbines  are  no  larger,  but  turn  more  quickly  than  the 
old  ones.  These  make  350  revolutions  per  minute,  and  are  directly 
coupled  with  Thury  dynamos,  fitted  with  6  poles,  weighing  6  tons, 
developing  100,000  watts,  and  working  at  150  volts.  The  engine 
possesses  no  governor;  its  regulation  is  brought  about  by  the 
baths  themselves.  The  current  is  conducted  by  large  cables  and 
divided  in  a  special  way.  In  one  half  of  the  baths  the  positive 
poles  are  connected  with  the  negative  poles  of  the  other  half.  The 
point  common  to  both  groups  is  connected  with  a  cable,  insulated 
in  the  ground  and  terminating  with  a  strip  of  copper,  connected 
with  the  10  machines  by  10  conductors,  half  of  which  go  to  the 
positive  poles  of  5  dynamos,  and  the  other  half  to  the  negative 
poles  of  the  other  5  dynamos.  Owing  to  this  arrangement,  each 
series  of  baths  can  be  put  out  of  turn  by  stopping  the  corre- 
sponding dynamo. 

There  are  270  baths  of  rectangular  shape,  containing  about 
50  cubic  metres  liquid.  They  are  insulated  from  the  floor  by  por- 
celain cups  filled  with  oil,  so  that  the  men  can  touch  the  baths. 
Diaphragms  insulate  the  anodes  from  the  cathodes,  both  of  which 
are  placed  at  the  bottom  of  the  baths.  The  anodes  consist  of  very 
thin  sheets  (0*1  millim.  thick)  of  an  alloy  of  90  platinum  and  10 
iridium,  which  keeps  perfectly  well,  whereas  platinized  silver  wears 
out  quickly  and  carbon  is  quite  useless.  The  cathodes  are  made  of 
iron ;  nickel  would  be  preferable.  The  floor  of  the  shed  consists 
of  wood,  resting  on  porcelain  cups,  like  the  baths  themselves. 

The  plant  for  water-power  cost  260,000  francs^  or  86  francs  per 
H.P. ;  the  total  cost,  including  dynamos  and  buildings,  was  below 
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600,000  frs.,  or  less  than  200  frs.  per  H.P.    The  electrical  part 
alone  cost  about  100  frs.  per  E.H.P. 

The  potassium  chloride  is  employed  as  a  25-per-cent.  solution* 
The  tension  in  each  bath  is  5  volts ;  the  current-density  50  amps, 
per  square  decimetre.  The  solution  of  KCl  is  supplied  at  the  same 
time  to  all  the  baths  ;  the  mixture  of  the  caustic  liquor  formed  at 
the  cathodes  with  the  chlorine  given  off  at  the  anodes  is  effected 
by  continuous  mechanical  circulation.  The  temperature  is  kept 
between  45°  and  55°,  which  is  produced  by  the  current  itself ;  thus 
the  hypochlorite  is  transformed  into  chlorate.  The  KClOj,  which  is 
difficultly  soluble  in  the  liquid,  crystallizes  out  for  the  most  part ; 
hence  the  liquor  is  run  off  every  few  hours,  the  crystals  are 
separated  and  purified  by  recrystalli^ing,  the  filtered  liquor  is 
again  saturated  with  fresh  KCl  in  other  vessels,  and  is  then  re- 
conveyed  into  the  baths.  There  are  no  mother  liquors  going  to 
waste ;  even  the  same  supply  of  water  serves  continuously  as  vehicle 
for  the  manufacture.  The  baths  must  be  emptied  only  at  long 
intervals  for  the  purpose  of  cleaning  and  of  changing  the  electrodes. 

The  hydrogen  formed  by  secondary  reaction  (100  cubic  metres 
per  ton  of  chlorate)  escapes  in  bubbles  which  carry  along  a  little 
liquor,  so  that  the  air  escaping  through  the  ventilating-shafts  pro- 
duces a  white  incrustation  of  potassium  chloride  on  the  roofs. — 
The  same  Company  has  since  erected  a  still  larger  works  in  Savoy, 
at  Saint-Jean-de-Maurienne. 

Oibbs  and  Franchot  (Engl.  pat.  4869, 1893)  manufacture  alkaline 
chlorates  by  electrolyzing  the  chloride  in  a  cell  provided  with  a 
copper-oxide  cathode,  until  half  of  the  KCl  has  been  transformed 
into  KCIO3.  The  solution  is  then  withdrawn,  cooled,  and  allowed 
to  crystallize.  The  cathode  is  taken  out  of  the  cell,  washed,  dried, 
re-oxidized  in  a  current  of  air  at  a  dark  red  heat,  and  replaced  in 
the  cell.  The  mother  liquor  is  brought  back  to  the  former  strength 
by  adding  KCl,  and  again  electrolyzed. 

Spilker  and  Lowe  (Germ.  pat.  47592 ;  comp.  p.  680)  prepare 
potassium  chlorate,  together  with  caustic  potash,  as  follows  : — ^The 
iron  cathode  trough  is  charged  with  a  very  dilute  solution  of 
potassium  chloride;  the  earthenware  vessel  placed  inside  the 
trough,  and  containing  the  carbon  anodes,  is  charged  with  a 
solution  of  KCl  saturated  with  lime.  If  a  solution  of  KCl  is  con- 
tinuously fed  into  the  earthenware  vessel  at  the  top,  a  solution 
containing  calcium  hypochlorite  and  chloride  can  be  drawn  off  from 
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the  bottom  of  the  vessel  by  means  of  a  siphon^  while  at  the  bottom 
of  the  cathode  compartment  a  solution  of  caustic  potash  is  con- 
tinuously running  off.  The  first  liquor  enters  into  a  vessel  filled 
with  lime,  where  the  lime  dissolves  in  the  liquor,  containing  CaCls 
as  calcium  oxy chloride.  This  liquor  is  first  returned  to  the  earthen- 
ware vessel,  in  order  to  take  up  more  hypochlorite;  and  this  process 
is  continued  until  only  a  slight  proportion  of  KCI  is  left,  sufficient 
for  conducting  the  current.  If  the  liquor  passes  through  fast 
enough,  no  smell  of  chlorine  is  perceived.  At  a  temperature  of 
40°  C,  instead  of  calcium  hypochlorate,  calcium  chlorate  is  formed, 
which,  with  the  potassium  chloride,  at  once  decomposes  to  calcium 
chloride  and  potassium  chlorate.  When  the  anode  solution  has 
become  sufficiently  strong  in  chlorate,  it  is  concentrated  in  order 
to  obtain  the  KCIO3  in  a  solid  state  ;  the  cathode  liquor  is  worked 
for  caustic  potash. 

A  new  German  patent  of  Spilker's  (No.  73221)  describes  anodes, 
consisting  of  alternately  placed  carbon  and  lead  rods,  electrically 
connected. 

According  to  Zsch.  f.  angew.  Ch.  1894,  p.  89,  in  the  practical 
application  of  the  process  the  voltage  rose  from  0*8  to  1-8  volt,  and 
did  not  further  increase  after  several  months'  working ;  hence  the 
polarization  by  gas  was  not  essential.  The  yield  of  KCIO3 
was  at  first  only  one  third  of  the  theoretical,  viz.  0*25  gram 
per  ampere-hour ;  but  after  36  hours  it  rose  to  95  per  cent,  of  the 
theory  and  then  remained  stationary.  The  lead  at  the  anodes  was 
covered  with  white  lead  chloride,  which  gradually  changed  into  a 
not  very  firmly  adhering  coat  of  PbOj ;  the  carbon  was  also  covered 
with  PbOg,  which  in  this  case  adhered  to  it  very  finnly.  After 
several  months'  work  the  carbon  was  found  intact  and  only  the 
lead  was  corroded.  The  lime-mud  contained  a  large  amount  of 
lead  oxide.  Hence  the  tension  must  have  been  less  so  long  as  the 
anode  was  covered  with  PbClj,  and  it  increased  as  the  PbClj  passed 
into  PbOg ;  but  at  the  same  time  the  yield  of  KClOj  rose  nearly  to 
the  theoretical  quantity.  The  gas  polarization  is  avoided  at  the 
expense  of  the  gradually  corroding  lead. 

The  Soci^te  d'Electrochimie  (Fr.  pat.  242073)  tries  to  avoid 
some  of  the  difficulties  and  losses  in  the  manufacture  of  chlorates 
by  offering  to  the  HCl,  formed  at  the  anode,  from  the  first  sufficient 
alkali  for  neutralization,  viz.,bases  equivalent  to  200  c.  cm.  standard 
alkali  to  1  litre  of  solution.     The  chlorine  is  then  at  once  absorbed^ 
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^nd  only  a  little  oxygen  is  set  free  at  the  anode^  in  consequence  of 
secondary  reactions.  This  addition  of  alkali  also  causes  a  purifi- 
cation by  the  precipitation  of  ferric  oxide,  &c.  In  order  to  utilize 
the  anode  metal  as  much  as  possible,  the  anodes  are  made  of  the 
thinnest  possible  platinum-foil ;  and  in  order  to  avoid  reduction  of 
the  chlorate  by  nascent  hydrogen^  the  cathodes  are  bent  round  the 
anodes  so  as  to  take  the  current  at  both  sides,  and  are  covered  with 
asbestos  cloth,  which  forms  channels  for  conducting  away  the 
hydrogen  and  preventing  it  from  acting  upon  the  chlorate. 

Hurter  (Engl.  pat.  15396,  1893)  electrolyzes  KCl  in  a  metal 
vessel  serving  as  cathode,  which  has  an  inside  coating  consisting  of 
a  mixture  of  Portland  cement,  salt,  and  sand,  which  after  washing 
out  the  salt  yield  a  porous  diaphragm.  The  anode  is  a  sheet  of 
platinum  suspended  in  the  centre  of  the  vessel.  Several  vessels 
are  superposed  and  are  worked  in  series^  being  kept  apart  by 
insulating  rings.  A  solution  of  KCl^  containing  caustic  alkali,  is 
run  on  to  the  bottom  of  the  top  vessel ;  this  overflows  from  the 
surface  of  the  liquid  by  a  non-conducting  pipe  on  to  the  bottom  of 
the  next  lower  vessel,  and  so  on,  in  order  to  run  off  from  the 
bottom  vessel.  The  gas  can  escape  by  pipes  from  the  upper  part 
of  each  compartment.  By  means  of  steam  heating-coils  (how  in- 
sulated does  not  appear),  or  by  the  heat  produced  by  a  high  current- 
^dcnsity,  the  liquid  is  kept  at  the  temperature  suitable  for  the 
formation  of  chlorate. 

Jobard  (French  pat.  209534)  produces  potassium  chlorate  by 
'electrolysis  together  with  tin,  which  by-product  is  to  cover  all  the 
expense  of  the  process  (I).  A  concentrated  neutral  solution  of  tin 
protochloride  is  made,  with  addition  of  sodium  chloride,  and  this 
is  electrolyzed  in  a  cement  trough,  with  plumbago  anodes  and 
•cathodes  made  of  tinned  iron.  On  the  passage  of  the  current  the 
tin  is  precipitated  in  a  solid  state ;  the  chlorine  is  liberated,  and 
is  passed  into  an  apparatus  where  it  serves  for  the  manufacture  of 
potassium  chlorate.  The  loss  of  tin  does  not  exceed  10  per  cent, 
of  that  contained  in  the  protochloride.  The  yield  of  KClOs  is 
25  per  cent,  less  than  theoretically  obtainable  from  the  chlorine 
liberated  by  electrolysis.  [This  process  is  not  adapted  for  the 
electrolytic  production  of  potassium  chlorate^  but  of  chlorine,  as 
such,  which  might  be  utilized  in  any  other  way.  How  by  this 
process,  in  which  10  per  cent,  of  tin  is  lost,  chlorine  is  produced 
without  expense,  is  known  only  to  the  inventor.] 

8a2 


724  ELECTROLYSIS. 

Cutten  (Amer.  pat.  480492  and  480493^  of  1892)  electrolyae^ 
magnesium  chloride  in  the  presence  of  potassium  chloride  and 
hydrated  lime  or  magnesia,  with  agitation.  This  mixture  is  placed 
in  the  anode  space,  and  magnesium  chloride  into  the  cathode  space, 
separated  by  a  diaphragm.  In  the  former  potassium  chlorate^  in 
the  latter  magnesia  is  formed.  Very  similar  to  this  is  Parker^s 
English  patent,  No.  24860,  1894. 

Blumenberg  (Engl.  pat.  9129,  1894)  closes  the  anode  cell  and 
connects  it  at  the  top  by  a  pipe  with  the  bottom  of  the  cathode- 
cell,  so  that  the  gas  liberated  at  the  anode  forms  chlorate  at  the 
cathode,  which  is  favoured  by  a  temperature  of  about  49°  C.  The 
chlorate  is  precipitated  in  a  separate  vessel,  communicating  with 
the  cathode  cell  by  a  pipe  provided  with  a  valve ;  from  here  the 
mother  liquor  is  pumped  into  a  re-saturator,  and  then  again  goes^ 
back  into  the  cathode  cell.  His  German  patent  No.  80395 
contains  the  important  modification  that  the  chlorine  produced  at 
the  anode  is  not  directly  introduced  at  the  cathode,  but  is  conveyed 
to  a  gas-holder,  and  thence  into  a  separate  vessel,  where  it  meets 
with  the  cathode  liquor.  In  the  anode  chamber  a  high  pressure  i» 
maintained,  in  the  cathode  chamber  only  the  ordinary  atmospheric 
pressure. 

Gall  and  Montlaur  (French  pat.  240698)  prepare  sodivm 
chlorate  as  follows  : — ^The  electrolyzed  solution  of  sodium  chloride 
is  treated  with  carefully  washed  fuel  gases,  containing  from  10  to 
20  per  cent.  COj,  until  all  the  NaOH  has  been  converted  into 
NajCOg.  The  liquor  is  now  concentrated  by  evaporation  till  the 
NaCl^  together  with  most  of  the  NajCOj,  has  salted  out  [The 
mother  liquor  is  no  doubt  further  concentrated,  in  order  to  obtain 
NaClOj.]  The  above  mixture  of  salts  is  re-introduced  into  the 
process,  after  causticizing  the  Na^COs  by  means  of  quicklime. 

Haussermann  and  Naschold  (Chem.  Zeit.  1894^  p.  857) 
describe  laboratory  experiments  on  the  electrolytic  preparation 
of  potassium  chlorate.  They  made  use  of  a  square  iron  vessel, 
serving  as  cathode,  with  a  suitable  cell  made  of  PukalPs  porous 
porcelain  (corap.  Chap.  XXX.),  in  which  a  porcelain  or  carbon 
anode  was  placed.  The  anode  space  contained  half  a  litre,  the 
cathode  space  one  litre.  The  current  was  supplied  by  a  dynamo 
of  110  volts,  the  amperage  being  kept  by  resistance-coils  at 
5  amps.  Each  experiment  lasted  3  hours;  hence  15  ampere* 
hours  were  employed,  each  of  which   by  theory  ought  to  yield 
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0-75  gram  KOH  or  0*208  KOH.  The  best  result  was  obtained 
when  a  caustic-potash  solution  of  30  per  cent.  KOH  was  slowly 
run  into  the  anode  space  in  such  a  manner  that  the  liquid  was 
always  distinctly  alkaline^  and  no  smell  of  chlorine  was  perceptible. 
•Since  carbon  anodes  are  strongly  acted  upon  by  chlorine  in  an 
alkaline  solution^  a  platinum-foil  of  105  x  100  millimetres  was 
•employed,  corresponding  to  a  current-density  of  0*024  amp.  to 
1  square  centimetre.  The  tension  in  the  bath  averaged  4  volts. 
One  ampere-hour  yielded  0*5  gram  KC103=67  per  cent,  of  the 
theory,  and  at  the  cathode  1*6  gram  KOH  =  80  per  cent,  of  the 
theory.  In  100  c.  c.  of  the  cathode  liquor  2*6  grams  KOH  was 
found,  and  7*8  grams  unchanged  KCl. 

Other,  less  favourable  experiments  showed  that  the  oxygen 
liberated  at  the  anode  by  the  electrolysis  of  KOH  cannot  directly 
oxidize  KG!  to  KCIO39  and  that  the  formation  of  KCIO^  is 
exclusively  due  to  the  secondary  reaction  between  chlorine  and 
KOH.  Owing  to  this,  the  anode  liquid  must  always  contain 
approximately  5  molecules  KCl  to  1  KClOa,  apart  from  the  slight 
variation  caused  by  diffusion  and  the  small  quantities  of  hypo« 
-chlorite  decomposed  by  the  current. 

The  highest  yield  of  chlorate  was  hence  attained  when  the 
anode  liquid  was  constantly  kept  slightly  alkaline  by  a  slow  feed  of 
caustic  potash ;  with  strongly  acid  or  strongly  alkaline  anode 
liquids  the  quantity  of  chlorate  obtained  per  ampere-hour  was 
less.  The  yield  of  chlorate  depends  but  to  a  small  extent  on  the 
current-density,  the  temperature,  and  the  concentration  of  the 
electrolyte,  but  by  increasing  the  temperature  and  concentration 
we  obtain  a  considerable  reduction  of  the  tension,  and  con* 
«equently  of  the  amount  of  energy  required.  It  is  therefore 
preferable  to  employ  a  concentrated  solution  of  KCl,  heated  to 
80^  C.  Platinum  is  best  for  the  anodes,  but  lead,  lead  peroxide, 
&c.  might  be  employed.  Instead  of  a  pure  solution  of  KOH,  the 
solutions  of  KOH  and  KCl  formed  in  the  cathode  space  are 
employed  for  gradually  running  into  the  anode  space,  replacing  the 
actually  consumed  potassium  chloride  by  a  fresh  supply.  From  the 
ttnode  liquid  the  KCIO3  can  be  easily  obtained  by  evaporation  and 
crystallization,  but  it  must  be  purified  from  KCl,  which  crystal- 
lizes as  well,  by  washing  with  cold  water  and  recrystallizing.  The 
authors  do  not  say  whether  this  process  is  cheaper  than  the 
jnanufacture  of  chlorate  by  the  old  process.     At  all  events  it  is, 
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as  they  believe,  only  possible  whea  using  a  diaphragm  of  smali 
electrical  resistance,  not  acted  upon  by  chlorine  or  alkali. 

Oettel  (Zsch.  f.  Elektrotechn.  und  Electrochemie,  i.  1894, 
p.  354)  also  publishes  studies  on  the  electrolytic  formation  of 
hypochlorites  and  chlorates.  He  points  out  that,  according  to  the 
equations  for  forming  those  salts,  equal  molecules  of  caustic  alkali 
and  chlorine  act  upon  each  other,  and  that  consequently  it  must 
be  best  to  work  without  a  diaphragm.  His  experiments  were 
indeed  made  without  one.  He  laid  special  stress  on  the  analyses 
of  the  gases,  comparing  the  mixture  of  hydrogen  and  oxygen, 
generated  in  a  voltameter  placed  in  the  circuit,  with  the  gase& 
formed  in  the  decomposing-cell  itself,  which  ought  to  consist  only 
of  hydrogen,  but  which  contain  also  a  little  chlorine  (escaping  at 
the  beginning  of  the  process)  and  oxygen  (formed  by  secondary 
electrolysis  of  hypochlorite  or  chlorate).  Suppose  we  have 
obtained  in  the  voltameter  60  c.  c.  gas,  which  must  be  40  c.  c.  H 
+  20  c.  c.  O.  If  we  obtain  at  the  same  time  in  the  decomposing 
cell  32  c.  c.  gas,  containing  30  c.  c.  H,  1*6  c.  c.  O,  and  0*4  c.  a. 
CI,  we  may  conclude  as  follows: — From  30  H  we  must  deduct 
that  which  corresponds  to  0  and  CI,  as  not  being  available, 
which  leaves  30— (3-2  4- 0*4)  =26*4  c.  c.     This  indicates  the  actual 

eflSciency  of  the  currentss-jrr- =66*0  per  cent.     The  hydrogen 

deficit  40—30=10   indicates   the   hydrogen   consumed    by   the 

undesirable  reduction  of  hypochlorite,  or  a  loss  of   v^=25  per 

cent,  of  the  current.     The  remaining  9  per  cent,  loss  is  caused 

3*2  0'4 

by -^=8  per  cent,  decomposition  of  water  and-2j^=l  per  cent* 

of  a  mixture  of  CI  and  H  (detonating  gas) . 

OettePs  experiments  were  at  first  made  at  the  ordinary 
temperature  with  a  20-per-cent.  solution  of  KCl,  in  order  to 
produce  essentially  hypoc/florite,  with  current-densities  varying: 
from  146  to  1460  amps,  per  square  metre  both  at  the  cathode  and 
the  anode.  The  losses  by  reduction  were  very  considerable,  so 
that  the  current  efficiency  sometimes  fell  to  17  per  cent.  > 
especially  injurious  is  a  low  current-density  at  the  cathode.  The 
best  results  were  obtained  with  high  current-densities  (1460  amps, 
at  both  electrodes),  viz.,  on  the  average  55  per  cent.,  but  tending 
<towards  a  permanent  maintenance  of  30  per  cent,  current  efficiencyi.. 
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Chlorate  was  always  formed  together  with  the  hypochlorite.  The 
greatest  attainable  eoneentration  was  12*7  grams  available 
(bleachiDg)  chlorine  per  litre ;  when  this  limit  has  been  reached^ 
a  further  supply  of  current  causes  the  formation  of  chlorate. 

The  chlorate  itself  is  hardly  at  all  decomposed  by  the 
current,  not  even  at  75°,  as  it  is  altogether  very  stable  in  an 
alkaline  solution.  The  considerable  losses  in  the  shape  of  free 
oxygen  are  almost  exclusively  caused  by  the  decomposition  of 
hypochlorite,  which,  as  shown  by  experiments,  is  only  very 
imperfectly  converted  into  chlorate  when  boiled  by  itself  for  a 
long  time  (comp.  p.  516).  In  order  to  bring  about  this  conver- 
sion free  chlorine  must  act  upon  the  hypochlorite,  free  hypo- 
chlorous  acid  being  formed  as  an  intermediate  product.  (Oettel 
here  gives  exactly  the  same  explanation  of  the  formation  of 
chlorate  as  is  found  in  the  first  edition  of  this  book,  vol.  iii. 
p.  304,  and  repeated  above,  p.  513.)  Hence  the  process  must  be 
explained  as  follows : — During  the  electrolysis  at  first  KOH  and 
CI  are  formed,  which  unite  to  form  KCIO.  The  movement  of 
the  liquid  carries  this  also  to  the  cathode,  where  much  of  it  is 
reduced  to  KCl.  The  remainder  accumulates  up  to  a  percentage 
of  at  most  17  grams  KOCl  (=13  grams  available  chlorine) 
per  litre.  Upon  this  hypochlorite  the  chlorine  formed  at  the 
anode  acts  and  forms  chlorate,  the  chlorine  being  always  regene- 
rated. Hence  the  following  conditions  ought  to  be  fulfilled : — 
1.  Keeping  the  hypochlorite  away  from  the  cathode,  to  avoid 
reduction.  2.  Avoiding  the  supply  of  fresh  KOH  to  the  anode 
before  the  hypochlorite  has  been  transformed  into  chlorate.  Both 
conditions  are  attained  in  Gall  and  Montlaur's  process,  the 
former  by  employing  a  diaphragm ;  but  in  his  laboratory  experi- 
ments Oettel  attained  a  yield  of  82^  per  cent,  even  without  a 
diaphragm.  He  is  uncertain  as  to  whether  it  will  ever  be  possible 
to  attain  such  a  yield  with  the  old  method,  where  chlorine  acts 
upon  milk  of  lime.  The  only  possible  anode  is  platinum,  carbon 
is  quickly  destroyed,  and  produces  a  colouring-matter  obstinately 
clinging  to  the  potassium  chlorate. 

Further  investigations  by  Oettel  [ibidem^  p.  474)  showed  that 
in  electrolyzing  strongly  alkaline  solutions  a  direct  formation  of 
chlorate  takes  place,  without  the  intermediary  formation  of  hypo- 
chlorite, which  means  an  almost  complete  avoidance  of  the  injurious 
.reducing  action  of  the  current.    This  action  was  connected  with  an 
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active  decomposition  of  water,  and  hence  with  evolution  of  oxygen. 
It  seems  to  be  most  favourable  if  30  per  cent,  of  the  current  is  spent 
on  the  decomposition  of  water  and  70  per  cent,  on  the  formation 
of  chlorate.  Raising  the  percentage  of  alkali  to  4  per  cent.  KOH 
causes  the  reduction  of  chlorate  to  be  diminished  to  only  0*5  per 
cent. ;  in  the  final  liquor  there  is  only  5  bleaching  chlorine  to 
95  chlorate-chlorine.  Raising  the  temperature  acts  in  a  similar 
way  as  increasing  the  alkali,  but  in  this  case  the  decomposition  of 
water  increases,  and  hence  the  total  current  efficiency  decreases. 

The  cnrrent-density  at  the  cathode  must  be  very  great,  as  a  low 
density  favours  the  reducing  action  of  the  current.  At  the  anode  a 
diminution  of  the  current-density  produced  an  increased  decom- 
position of  water.  There  is  an  intimate  connection  among  the 
three  factors  :  alkalinity,  temperature,  and  current-density ;  if  two 
of  these  are  fixed,  it  is  possible  by  suitably  choosing  the  third  to 
attain  always  about  the  same  favourable  conditions  for  forming 
chlorate.  If,  for  instance,  we  have  to  work  in  the  cold  and  with 
high  current-density,  we  must  make  the  liquor  strongly  alkaline  ; 
if,  on  the  other  hand,  a  hot  and  weakly  alkaline  liquor  has  to  be 
employed,  the  current-density  at  the  anodes  must  be  made  less, 
and  so  forth.  It  is  alwavs  best  to  cause  a  direct  formation  of 
chlorate  by  the  addition  of  alkali.  Since  the  electrical  reduction 
losses  are  caused  almost  entirely  by  the  hypochlorite,  and  the 
formation  of  the  latter  is  very  slight  in  an  alkaline  solution,  it  is 
possible  to  dispense  with  the  employment  of  a  diaphragm.  It  is 
certainly  necessary  to  employ  platinum  anodes,  and  therefore  the 
current-density  at  the  anodes  must  be  chosen  as  high  as  possible. 
Assuming  the  voltage  in  the  bath  =  3'3,  and  the  current  efficiency 
=52  per  cent.,  we  arrive  per  hour,  with  an  I.H.P.  of  736  amps.^ 
at  a  production  of  88*14  grams  KClOs,  i.  e.,  I  kilogram  KClOg 
requires  work  equal  to  11^  effective  horse- power  hours. 

The  formation  of  sodium  chlorate  takes  place  similarly  to  that 
of  the  potassium  salt;  but  the  presence  of  NaOH  promotes  the 
formation  of  chlorate  even  more  than  the  equivalent  of  KOH. 
On  the  other  hand,  the  decomposition  of  water  is  increased,  as  the 
sodium  chlorite  does  not  precipitate,  and  by  its  accumulation 
participates  in  an  ever  increasing  proportion  in  the  conduction  of 
the  current.  It  is  quite  different  in  the  case  of  calcium  chlorate, 
where  current  efficiencies  up  to  87  per  cent,  can  be  attained. 

The  Elektricitats-Aktiengesellschaft  vormals  Schuckert  (Germ, 
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pat.  No.  83536)  state  that  several  drawbacks  are  avoided  and 
the  yield  of  chlorate  is  considerably  increased  by  preventing  the 
presence  of  caustic  alkali  at  the  anode,  and  producing  the 
necessary  alkalinity  by  the  presence  of  carbonates.  A  solution  of 
potassium  chloride^  saturated  at  the  ordinary  temperature,  to 
which  2  or  3  per  cent,  of  potassium  bicarbonate  are  added,  is 
«lectrolyzed  in  earthenware  or  iron  vessels,  with  platinum  or 
carbon  electrodes  (the  carbon  is  not  acted  upon  by  the  alkaline 
carbonate),  carbon  dioxide  being  passed  in  from  time  to  time. 
The  temperature  should  range  between  40®  and  100*^  C. ;  the 
current-density  between  500  and  1000  amperes  per  superficial 
metre.  The  production  of  chlorate  is  greatest  at  first  and 
gradually  diminishes;  hence  the  process  is  interrupted  after 
fiome  time,  and  the  solution  is  drawn  off  and  cooled  down ;  most 
of  the  potassium  chlorate  crystallizes  out,  and  the  mother  liquor 
is  re-introdnced  into  the  process.  In  the  case  of  sodium  chlorate 
the  liquor  is  boiled  down ;  the  NaCl  which  separates  is  fished  out 
during  the  evaporation^  and  is  employed  for  preparing  a  fresh 
solution  for  electrolysis.  On  cooling  the  mother  liquor,  NaClOs 
is  obtained  by  crystallization. 

The  manufacture  of  chlorate  of  potash  by  electrolysis  on  a  very 
large  scale  is  an  accomplished  fact.  As  mentioned,  p.  720^  the 
French  Company,  working  the  Gall  and  Montlaur  patents,  has 
carried  on  that  manufacture  for  several  years  past  at  Vallorbes,  with 
<8000  H.P.,  and  a  still  larger  plant  is  in  course  of  erection  in  Savoy. 
The  Mansbo  Chemical  Works  in  the  province  of  Dalarne^  in 
Sweden,  have  erected  a  plant  for  chlorate  of  potash  by  means  of 
a  waterfall  furnishing  4000  H.P.,  of  which  at  present  8  turbines 
at  220  H.P.  are  utilized,  coupled  directly  with  the  dynamos.  The 
dynamos  work  regularly  with  116  volts  and  1200  anips. 

Other  plants  are  said  to  be  working  or  in  course  of  erection  in 
various  places,  but  nothing  certain  can  be  reported  thereon. 
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CHAPTER  XXX. 

SPECIAL  FORMS  OF  ELECTRODES  AND  DIAPHRAGMS. 

In  the  preceding  chapters  we  have  already  met  with  numeroa» 
special  forms  of  electrodes  and  diaphragms^  which  in  many 
cases  are  the  essential  point  of  the  apparatus  in  question.  In 
referring  to  this,  we  shall  in  the  present  chapter  mention  a 
number  of  proposals  made  for  preparing  suitable  electrodes  or 
diaphragms,  without  having  regard  or  being  restricted  to  any 
special  apparatus. 

Electrodes. 

Usually  it  is  the  anodes  which  cause  difficulties,  as  the  chlorine 
is  given  off  in  contact  with  them,  which  causes  such  great  strain 
upon  them,  that  most  materials  are  from  the  outset  excluded. 
The  generally  used  material  is  some  kind  of  carbon,  the  denser 
the  better,  both  for  conductivity  and  for  resistance  to  chlorine^ 
The  most  usual  material  is  "  retort-carbon  '^  from  gas-works,  but 
some  artificially  prepared  carbons  are  also  very  good. 

Worse  even  than  the  effect  of  chlorine  upon  carbon  anodes  i» 
that  of  the  oxygen  given  off  by  secondary  reactions,  or  otherwise 
present.  Sometimes  the  amount  of  carbon  dioxide  formed  in  this 
manner  is  so  large  that  the  chlorine  has  to  be  purified  from  it 
before  it  can  be  employed  for  the  manufacture  of  bleaching- 
powder,  e.  g,  by  means  of  lime,  which  is  thus  converted  into 
weak  bleach. 

Fitzgerald  and  Falconer  (Engl.  pat.  1246,  1890)  describe  under 
the  name  of  'Mithanode'^  a  kind  of  electrode  which  is  to  replace 
platinum  or  carbon,  and  is  neither  acted  upon  by  chlorine  nor 
crumbles  during  use.  These  anodes  consist  of  lead  peroxide,  and 
are  especially  intended  for  use  in  decomposing  calcium  or  magne- 
sium chloride.     Patent  No.  9799,  1892  (p.  683),  refers  to  this. 

Henueton's  anode  (Oerm.  pat.  68318)  consists  of  a  frame  made 
of  well-conducting  material,  insulated  towards  the  bath,  by  which 
the  current  is  conducted  ;  in  this  frame  wires  of  well-conducting;^ 
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re&actory  material  are  fixed^  which  serve  for  forming  the  surface 
of  the  anode.     The  frame  is  covered  with  gutta-percha^  glc^8>  &c. 

Richardson  (Engl,  pat,  19953^  1892)  prepares  retort-carbon  for 
anodes  in  the  following  manner : — Pieces  of  approximately  equal 
size  are  selected^  and  if  necessary  are  roughly  dressed  by  means 
of  a  hammer.  They  are  then  notched  or  drilled  to  receive  a 
metallic  joints  produced  by  casting  lead  into  the  place  of  junction^ 
which  by  its  contraction  on  cooling  produces  an  intimate  contact 
of  the  metal  with  the  carbon.  The  patent  gives  several  drawings 
of  such  contacts. 

Liveing  (Engl.  pat.  3743  &  3744^  1893)  ignites  the  retort-carbon 
in  a  current  of  chlorine,  so  as  to  remove  any  hydrocarbons.  In 
order  to  prepare  anodes^  he  places  pieces  of  retort-carbon  on  a 
sieve  or  grid  made  of  a  non-conducting  material,  such  as  slate ;  the 
anode  chamber  is  closed  at  the  top,  and  carbon  rods  pass  in 
stuffing-boxes  down  to  the  layer  of  carbon  lying  on  tl^e  grid. 
Since  these  rods  wear  out  at  the  ends,  they  are  pressed  downwards 
in  their  stuffing-boxes  by  means  of  springs  or  weights. 

Castner  (Engl.  pat.  19809,  1893)  heats  retort-carbon  by  the 
electric  current,  surrounding  it  with  ground  charcoal,  or  otherwise 
protecting  it  from  being  burned.  A  current  of  350  to  500  amps, 
raises  a  carbon  rod  an  inch  square  to  a  dazzling  white  heat  in  a 
few  minutes.  The  retort-carbon  during  this  process  yields  a  little 
combustible  gas,  loses  from  3  to  7  per  cent,  weight,  increases  its 
bulk  a  little,  and  gains  in  electric  conductivity. 

Gerard  and  Street  (Germ.  pat.  78926)  propose  making  carbon 
electrodes  more  refractory  in  a  similar  way,  by  heating  them  in  the 
electric  arc,  in  order  to  convert  them  superficially  into  graphite. 

Carbon  anodes  with  a  liquid  metallic  core  are  described  by  F.  M, 
Lyte  (Engl.  pat.  7594,  1893).  The  carbon  is  tubular,  closed  at 
the  bottom,  and  contains  a  core  of  lead,  tin,  or  other  metals  or 
alloys,  fusing  at  the  same  or  a  lower  temperature  than  the  metallic 
salt  to  be  reduced,  but  not  so  low  that  any  metal  could  be  volati- 
lized. In  electrolyzing  lead  chloride,  e,  ff,,  lead  is  the  proper 
metal.  Into  this  fused  core  dips  a  rod  of  metal  fusing  only  at  a 
higher  temperature  (copper  or  iron),  which  fits  loosely  in  the 
upper  opening  of  the  carbon,  so  that  during  the  beating  no  pres- 
sure upon  the  lead  is  caused  by  the  expansion  of  the  metal ;  on 
this  rod  is  the  joint  for  the  electric  conductor  (comp.  p.  706). 

FerrosiUcium  had  been  previously  proposed  by  Uelsmann  for 
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cathodes  in  Bansen  batteries^  where  they  have  to  resist  nitric  acid. 
Hopfiier  patented  this  material  for  anodes  in  lieu  of  carbon  or 
platinum  (Engl.  pat.  9079,  1891).  They  are  to  be  prepared  by 
casting  or  cutting,  or  by  electrolytic  deposition  on  carbon,  iron, 
&c.  This  is  further  developed  in  the  German  patent  No.  77881 . 
A  siliceous  melt  is  to  be  exposed  to  the  electric  current  at  a  tem- 
perature near  that  of  fusing  cast-iron,  a  carbon  rod  serving  as 
anode  and  an  iron  rod  as  cathode.  The  latter  is  then  covered 
with  a  siliceous  coating,  which  conducts  the  current  very  well  and 
serves  as  an  acid-proof  anode. 

Phosphide  of  chromium,  pure  or  mixed  with  carbon,  is  proposed 
by  Parker  and  Robinson  for  anodes  (Engl.  pat.  6007,  1892). 

Oxidizing  cathodes,  made  of  copper  oxide,  are  employed  by 
Richardson  and  Holland  (Engl.  pat.  2296,  1890;  19704,  1891; 
comp.  p.  661)  and  by  Gibbs  and  Franchot  (No.  4869,  1893 ;  comp. 
p.  721). 

Electrodes  of  special  shapes  occur,  among  others,  in  the  pre- 
viously-mentioned apparatus  of  Greenwood  (p.  658),  Rieckmann 
(p.  664),  Craney  (p.  666),  Roubertie  (p.  667),  Faure  (p.  668), 
Union  Chemical  Company  (p.  669),  Hargreaves  and  Bird  (p.  669), 
Drake  (p.  671),  Kellner  (pp.  683,  693,  &  714),  Parker  (p.  688), 
Hermite  (p.  687),  Atkins  and  Applegarth  (p.  689),  Andreoli 
(p.  716),  Spilker  (p.  722),  Vautin  (pp.  698  &  702),  Knofler  and 
Gebauer(p.  716),  Gall  and  Montlaur  (p.  720),  Hulin  (pp.  699 
&  704) . 

DiAPHaAGMS. 

Asbestos  diaphragms  are  prepared  by  Roberts  and  McGraw 
(Engl.  pat.  20111,  1890)  as  follows: — Asbestos  cardboard  is 
placed  on  both  sides  of  an  asbestos  tissue,  and  the  whole  is  covered 
with  canvas,  exposed  for  24  hours  to  the  action  of  hydrochloric 
acid  of  spec.  grav.  1*09,  squeezed  out  in  the  acid  and  rolled, 
thoroughly  washed  with  water  and  flattened. 

Waite  (No.  2586,  1893)  dissolves  glue  or  isinglass  in  the 
smallest  possible  quantity  of  water,  adds  potassium  bichromate  15 
to  20  per  cent,  of  the  weight  of  the  glue,  stirs  asbestos  among  the 
mass,  and  moulds  the  whole  into  sheets.  Exactly  the  same  thing 
is  patented  by  Rieckmann  (Germ.  pat.  71378),  who  points  oat 
that  bichromate-glue  by  itself  is  not  sufficiently  tough,  and  that  it 
cannot  be  mixed  with  animal  or  vegetable  fibre,  which  would  be 
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soon  destroyed ;  aabestua,  however,  is  durable.  Tlie  fixation  of 
the  bichromate-glue  may  be  effected  by  exposure  to  light  or  by  & 
bath  of  EodiuiD  thiosulphate. 

Aodreoli  (No.  r<2(>62,  1^493)  describes  diaphragms  of  asbestos, 
kieselguhr,  or  porous  porcelain,  tightly  placed  betveeu  iron  or 
carbon  cathodes,  with  carbon  anodes.  In  order  to  protect  the 
junctions  from  corrosion,  the  carbon  is  put  in  a  hole  of  the  cover 
with  litharge  cement ;  after  making  the  metallic  joint  it  is  wrapped 
round  with  string  end  coated  with  paraffin. 

Hargreaves  and  Bird  (No.  18039,  1892)  deposit  a  paste  of 
asbestos,  vegetable  fibres,  &c.  on  the  inside  of  a  vessel  made  of 
wire  gauze  or  perforated  metal,  and  produce  on  the  top  of  this  a 
second  layer  of  a  stone-like  substance,  as  Portland  cement  or  clay 
and  silicate  of  soda.  The  metal  of  the  vessel  forms  the  cathode, 
and  that  portion  of  the  diaphragm  which  directly  touches  it  is 
mode  specially  porous  in  order  to  promote  the  liberation  of 
hydrogen. 

According  to  No.  5198,  1893,  they  deposit  on  the  wire  gauze 
Srst  a  mixture  of  lime  and  asbestos,  dry  the  whole,  and  clip  into 
solution  of  silicate  of  soda,  which  produces  an  insoluble  silicate, 
firmly  adhering  to  the  wire  gauze.  In  No.  14131,  1893,  they 
substitute  sodium  phosphate  for  the  silicate,  and  describe  some 
other  modifications  of  the  treatment. 


Fig.  234. 


Wiemik  (Zsch.  f.  angew.  Cli.  1894,  p.  298)  employs  asbestos 
tissue,  of  which  two  or  more  layers  are  put  together ;  according 
to  circumsiances  he  places  between  these  tissues  thin  layers  of 
porous  substances  offering  little  resistance,  such  as  asbestos  fibre, 
kieselguhr,  or  china-clay,  which  are  made  to  adhere  by  pressure 


734 


BLKCTROLYSIS. 


or  otherwise.  Fig.  224  shows  such  a  diaphragm  from  the  top, 
fig.  225  in  section.  It  consists  of  three  asbestos  tissaes,  a,  b,  e, 
between  which  thin  layers  of  asbestos  fibres  are  placed  at  d  and  e. 
/  is  a  bordering  of  tissue^  Sec.,  running  ronnd  the  edges  of  the 
diaphragm.  These  diaphragms  are  very  thin  and  porous^  and 
therefore  conduct  the  electric  current  very  well,  but  they  arc 
perfectly  tight  to  liquids  and  gases  and  extremely  durable ;  they 
are  also  sufficiently  stifi*  and  firm  to  be  employed  in  practicable 
sizes  without  the  assistance  of  insulating  supports. 

Waite  (Engl.  pat.  13756^  1894)  protects  asbestos  diaphragms, 
resting  on  a  wire-gauze  cathode,  by  a  layer  of  sand  against  leakage 
of  hydrogen  into  the  anode  chambers,  also  against  the  corroding 
action  of  chlorine. 

Riquelle  (Germ.  pat.  76704)  makes  porous  cells  by  dipping 
pure  asbestos  tissue  into  boiling  water,  then  coating  them  all  over 
with  a  paste  of  china-clay,  passing  them  between  rollers,  cutting 
them  into  pieces,  pressing  these  into  the  shape  of  seamless  hollow 
vessels,  and  finally  burning  in  stoves  like  porcelain. 

The  Farbwerke vormals  Meister,  Lucius,  and Briining  (Germ.  pat. 
73688)  provide  osmotic  asbestos  diaphragms  on  one  or  both  sides 
with  strips  ^,  Qi,  ja, . . .  Qn  (fig.  226),  resembling  Venetian  blinds,  con- 
sisting of  dense  non-osmotic  material.  These 
strips  run  upwards  in  a  sloping  direction, 
so  that  the  lowest  point  of  any  one  strip 
is  no  higher  than  the  highest  point  of 
the  strip  next  below.  This  protects  the 
osmotic  plate  against  the  gaseous  products 
of  decomposition,  the  gas-bubbles  being 
forced  upwards  by  the  impermeable  Venetian 
blinds;  therefore  a  thin  diaphragm,  with 
small  electrical  resistance,  admits  of  a 
sufficient  separation  of  the  products  of  de- 
composition. 

Very  similar  to  this  is  the  plan  of  J.  C.  Richardson  (Engl.  pat. 
12857,  1893). 

Kiliani,  Rathenau,  Suter,  and  the  Elektrochemische  Works, 
Berlin  (Engl.  pat.  15276,  1894),  construct  acid-  and  alkali- proof 
diaphragms  from  permeable  membranes,  like  parchment-paper, 
glass-wool,  asbestos,  cardboard,  &c.,  held  in  frames  between  rows 
of  parallel  rods  of  acid-proof  material,  such  as  glass,  porcelain,  &c. 
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The  rods  are  fixed  in  furrows  or  grooves  of  the  square^  circular, 
<!>r  oval  frames.  The  membranes  are  tightly  stretched  round 
these  frames,  and  are  held  fast  by  outer  frames  of  the  same 
material,  by  means  of  india-rubber  rings  or  by  coiling  wire  round 
them. 

Rieckmann  (Germ.  pat.  80504)  makes  very  durable  diaphragms 
"by  covering  the  cathode  with  a  thin  asbestos  cloth  or  cardboard, 
•on  which  is  placed  an  earthenware  frame  filled  with  fine  sand, 
salt,  or  the  like.  This  material  penetrates  into  the  asbestos,  fills 
Tip  the  interstices,  and  forces  it  against  the  cathode,  so  that  no  gas 
•can  get  in  between  and  no  displacement  can  take  place.  This 
prevents  the  entrance  of  hydrogen  into  the  anode  space  and  the 
formation  of  explosive  mixtures  of  CI  and  H. 

Rieckmann  (Germ.  pat.  63116)  also  makes  diaphragms  from 
albumen,  by  pouring  a  solution  of  blood-albumen  in  two  parts  of 
water  of30°C.  on  to  an  oiled  glass  plate.  This  is  covered  with 
another  similar  plate,  and  the  albumen  is  coagulated  by  dry  steam 
in  a  stove,  after  which  the  plates  are  taken  away.  Stronger 
diaphragms  are  obtained  by  impregnating  paper  with  the  solution 
of  albumen  and  coagulating  this. 

Hopfner  (Germ.  pat.  65656)  makes  diaphragms  by  coating  felt, 
paper,  leather,  &c.  with  collodion  and  washing  with  water, 
whereby  they  are  rendered  porous. 

Caldwell  (Engl.  pat.  21631)  employs  as  diaphragms  crystals  of 
the  salt  to  be  electrolyzed,  built  up  in  a  vertical  mass  between 
horizontal  strips  of  glass,  porcelain,  &c.  like  Venetian  blinds. 

Breuer  (Engl.  pat.  19775,  1892)  replaces  the  quickly  worn-out 
•earthenware  diaphragms  with  others  made  of  indestructible,  porous 
cement.  He  gives  several  prescriptions  for  this : — (1)  Sifted  pieces 
of  pumice  or  coke,  4  to  8  millimetres  thick,  are  carefully  mixed 
with  their  own  weight  of  natural  or  artificial  Portland  cement, 
made  with  water  into  a  thick  paste  and  moulded ;  on  setting,  they 
are  at  once  ready  for  use.  The  above-named  size  of  the  pumice  or 
coke  is  suitable  for  diaphragms  10  to  15  millim.  thick;  for  other 
thicknesses  it  must  be  varied.  (2)  35  litres  of  ground  rock-salt 
(or  other  soluble  salt)  are  mixed  with  65  litres  of  cement,  made 
into  a  thick  paste  and  lixiviated  after  setting.  (3)  50  litres  cement 
are  mixed  with  36  litres  of  a  solution  of  250  grams  rock-salt  in 
1  litre  water  and  14  litres  hydrochloric  acid;  otherwise  the 
process  is  similar  to  No.  2.    The  roclt-salt  may  be  replaced  by  other 
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salta^  the  hydrochloric  acid  by  other  acids.  (4)  100  litres  cement 
are  intimately  mixed  with  2  kilog.  cut-up  cow's  hair  or  woollen 
yarn,  made  with  water  into  a  paste  and  moulded.  Such 
diaphragms  after  moulding  possess  such  porosity  that  they  do  not 
oppose  any  great  resistance  to  the  electric  current;  during  use 
the  hair  or  wool  is  gradually  dissolved  in  the  liquid,  and  the  plates 
are  rendered  still  more  porous. 

Carmichael  (Germ.  pat.  appl.  C.  5055,  1894)  prepares  porona 
cement  diaphragms  by  impregnating  a  tissue  (in  the  case  of  sub- 
stances yielding  chlorine  an  asbestos  tissue)  witli  Portland  cement, 
moulding  into  plates,  cylinders,  &c.,  and  drying.  It  is  also 
possible  to  make  a  paste  of  the  cement  and  the  tibre  and  to  mould 
this  at  will. 

The  Anciennes  salines  domaniales  de  r£st  (Germ.  pat.  82352) 
employ  diaphragms  made  of  blocks  of  limestone,  or  made  by 
moulding  wet  limestone  powder  and  burnt  magnesia  into  blocks  by 
means  of  pressure.  Such  diaphragms  in  the  electrolysis  of  alkaline 
chlorides  ofifer  very  little  electrical  resistance,  and  are  not  at  all 
acted  upon  by  the  products  of  electrolysis,  so  that  they  last 
practically  for  ever. 

Parker  (Engl.  pat.  6605,  1893)  makes  very  durable  diaphragms 
from  fluor-spar  or  cryolite,  which  are  converted  into  a  woolly 
material  similar  to  slag-wool,  and  are  then  wrought  into  the  form 
of  tissues  or  employed  in  other  ways  for  covering  perforated 
vessels. 

Bamberg  (Engl,  pat  20413,  1891)  avoids  all  porous  diaphragms 
by  employing  a  solid  partition  between  the  two  chambers,  with 
connecting  pipes,  the  upper  end  of  which  is  below  the  level  of  the 
liquid,  while  the  lower  end  extends  into  the  next  chamber,  so  that 
no  gases  can  pass  through. 

Haussermann  (Zsch.  f.  angew.  Ch.  1893,  p.  393)  draws  attention, 
for  use  as  diaphragms,  to  the  very  porous  porcelain  mass,  abso- 
lutely resisting  all  chemicals,  manufactured  by  Pukall  at  the 
Berlin  Royal  Porcelain  Works  (as  described  in  Ber.  d.  deutiich. 
chem.  Ges.  1893,  p.  1159).  Later  on  (Zsch.  f.  angew.  Ch.  1894, 
p.  4)  he  published  some  experiments  thereon.  The  Pukall  cells 
are  not  visibly  affected  by  digesting  with  15  per  cent,  caustic-soda 
solution  during  four  days  at  90^;  only  very  slight  traces  of  alumina 
and  silica  are  dissolved.  Experiments  with  electrolysing  solutions 
of  NaCl  showed  that  the  resistance  of  these  cells  diminished  with 
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the  rise  of  the  temperature;  especially  when  employing  retort- 
carbon  instead  of  artificial  *'  electrical  carbon/'  they  yield  niuch 
better  results  than  ordinary  earthenware  cells. 

Kellner  (Engl.  pat.  7801^  1894«)  proposes  making  diaphragms 
for  electrolyzing  solutions  of  NaCl  of  soap^  which  almost  com- 
pletely prevents  the  difFusion  of  caustic  soda  into  the  anode  cell^ 
as  soap  is  insoluble  both  in  solution  of  common  salt  and  in  caustic- 
soda  solution.  The  soap  is  simply  cast  into  plates  of  the  desired 
size  or  else  on  to  a  substratum  of  glass-wool^  or  a  soap  plate  is 
placed  between  two  plates  of  asbestos  cardboard  or  tissue. 

Bein  (Engl.  pat.  No.  21838,  1894*)  uses  the  intermediate  layer 
of  liquid  formed  during  the  electrolysis  to  keep  separate  the 
products  of  decomposition  at  the  anode  and  cathode.  This  sepa- 
rating layer  is  rendered  visible  by  suitable  means,  and  when  on 
the  point  of  disappearing  an  impervious  partition  is  introduced 
or  the  products  of  decomposition  are  drawn  off. 

The  following  patents,  among  those  mentioned  previously^  con- 
tain the  description  of  special  kinds  of  diaphragms  : — Greenwood 
(p.  658),  Cutten  (p.  661),  Le  Sueur  (p.  662),  Kellner  (pp.  666 
and  693),  Robei^ts  (p.  671),  Hempel  (p.  675),  Marx  (p.  678), 
Chemische  Fabriken  Leopoldshall  (p.  682),  Hopfner  (p.  709), 
Hurter  (p.  723). 
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First  of  all  we  quote  some  statistics^  in  addition  to  those  given  in 
Vol.  I.^  as  to  the  consumption  of  Brimstone  and  Pyrites^  and  some 
other  data  referring  to  the  manufacture  of  Sulphuric  Acid^ 
partly  from  BothwelFs  '  Mineral  Industry '  for  1893,  partly 
from  Dammer's  '  Handbuch  der  chemischen  Technologic/  vol.  i. 
(1895).  So  far  as  the  statements  contained  in  the  last-named 
work  are  based  on  'Commercial  Reports'  and  on  'Estimations^' 
they  must  be  used  with  great  caution.  Thus,  e.  g.,  it  is  said  that 
no  pyiites  whatever  was  consumed  in  Norway^  whereas  there  is  a 
sulphuric-acid  works  at  Stavanger,  burning  pyrites^  which  I  myself 
visited  in  1890  and  which  is  still  in  operation.  The  same  holds 
good  of  Spain  and  Portugal^  where  there  are  well-known  pyrites- 
consuming  acid-works. 


Brimstone. 

Statistics  up  to  1888  are  given  in  Vol.  I.  p.  17. 

Production  (in  metrical  tons). 


1889. 

1890. 

1891.           1892. 

_      1 

1893. 

Sicily  alone 

AW  Italy 

327,672 
60,326 

328,024 

369,239 

61,488 

847.568 
395.528 

41ft.V» 

417,671 

Other  Oountrios 

61,605  ,       56,(38 

Total  '     421,820 

< 

430,727 

457,133  ;     475.173 

1 

t 
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This  does  not  comprise  the  sulphur  recovered  from  Leblanc 
waste. 

Of  the  above,  50,537  tons  were  refined  in  Italj  alone  in  1890,  at 
16  works. 
The  prices  of  Sicilian  brimstone  were,  per  ton  :— 


Year. 

1860. 

1*865. 

1870. 

1875. 

1880. 


Lire. 
120 
123 
121 
142 
100 


Year. 

1885. 

1890. 

1891. 

1892. 

1893. 


Lire. 
83 
77 

113 
95 
72 


Exportation  from 
Sicily  to 

1890. 

1891. 

1892. 

1893. 

1894. 

Franoe 

Tons. 
73,596 

28,701 

15,611 

16,594 

14,388 

111,198 

68,620 

Tons. 
58,262 

26,682 

12,067 

15,491 

12.753 

101,579 
42,543 

Tons. 
77,424 

24,739 

18.668 

13,499 

11,186 

89,558 

56,006 

Tons. 
91,722 

25,286 

17,531 

13,807 

19,174 

89,044 

54,303 

Tons. 
51,648 

20,108 

14.912 

10,427 

16.308 

95,956 

44,777 

Qreat  Britain 

Austria    

Russia 

United    States    and  1 
Canada    j 

Other  Countries 

Total 

328,706 

209,377 

291,062 

810,867 

254,136 

The  influence  of  the  Chance-CIaus  process  is  very  clear  in 
the  decline  of  the  figures  for  Great  Britain^  which  in  1883 
imported  41,788  tons  of  brimstone  from  Sicily.  In  1893  the 
importation  was  25,757  tons^  in  1894  23,396  tons. 

Japan  produced,  in  1891,  44,505  tons  of  brimstone,  21,923  tons 
of  which  were  refined.    The  exportation  was : — 

In  1890,  20,724,  of  which  17,807  went  to  the  United  States. 
„  1891, 21,108,        „       19,068  „  „ 

„  1892,  14,589,        „       11,446  „  „ 


The  remainder  went  to  China ;  Australia  in  1894  took  2500  tons 
sulphur  from  Japan*  The  mines  hitherto  opened  in  the  latter 
country  seem  to  be  nearly  exhausted. 

3b2 
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The  production  of  brimstone  in  the  United  States  was : — 

In  1892 1,656  tons. 

„  1893 1,219    „ 

„  1894 441    „ 

The  same  country  imported  brimstone  (long  tons)  : — 

Year.                     Crude.  Flowers.  Kefined. 

1890 131,096  12     103 

1891 110,971  206      10 

1892 100,938  158      26 

1893 107,601  241      41 

1894 124,467  165      41 

Pyrites  (comp.  Vol.  I.  pp.  82  et  seq.,  884,  885). 

Great  Britain  and  Ireland  (English  tons)  :— 

Year.                 Production.  Importation.  Consumption. 

1890 16,018  656,891         672,909 

1891 15,463  616,227  631,690 

1892 14,000  604,411         618,411 

1893 15,837  612,818         628,655 

1894 15,523  616,050        631,573 

The  number  of  sulphuric-acid  works  in  Great  Britain  and  Ireland 
was  :— in  1892,  226;  in  1893,  219;  in  1894,  212. 


France  (metrical  tons)  : — 

Year.  Production.  Importation. 

1890 229,661  39,553 

1891 246,827  45,457 

1892 230,480  47,502 

Germany  (metrical  tons)  : — 

Year.  Production.  Importation. 

1890 122,372  209,477 

1891 128,2S8  238,644 

1892 113,461  218,272 

1893 121,334  274,766 


Exportation. 

Consumption. 

15,908 

253,306 

12,120 

280,164 

22,455 

255,527 

EzpoitatioD. 

Consumption 

8,276 

323,573 

9,393 

357,539 

9,951 

821,782 

15,889 

380,211 
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Production  and  Consumption  of  Pyrites  in  aU  Countries 

in  1890  (metrical  tons)  : — 

Production.  ConsumptioD. 

Germany 122,372  323,573 

Austria-HuDgary 111,381  69,814 

Belgium  5,051  28,831 

Holland    0  8,820 

France 229,661  253,306 

Great  Britain  16,018  672,909 1 

Italy 14,755  14,755 

Norway    56,000  ?  % 

Sweden 1,135  2,135 

Portugal  73,230  ?  % 

Spain* 885,635  ?  % 

Russia 16,000  18,200 

Switzerland 158  8,658 

United  States 1 13,652  228,652 

Canada 44,671  20,000 

Other  Countries  ?  45,066 

1,689,719  1,689,719 


Zinc-Blendb  (comp.  Vol.  I.  p.  68). 

The  following  are  analyses  of  blende  consumed  at  Rhenish  acid 
works  (by  Minor)  :— 

Sulphur 30-24  2794  2211  2105 

ZincasZnS  2773  2717  3446  3116 

„   in  other  forms.  503  4*75  583  6*65 

Iron    15-98  13-12  206  2-38 

Gangue  (by  diflf.)  ...  2102  2702  3554  38-18 

The  average  sulphur  contained  in  the  blende  worked  in  Germany 
is  26  per  cent.  S. 

*  To  this  flhould  be  added  1^27 1,000  tons  roasted  at  the  mines,  the  gases 
escaping  into  the  air. 

t  Ccmp.  the  remark  p.  788,  concerning  the  statements  taken  from  Dammer. 

X  In  1894  the  amount  of  pyrites  cinders  treated  in  Great  Britain  for  copper 
was  309,268  tons,  the  yield  being  14,013  tons  of  copper,  1^790  ounces  of  gold, 
and  311,413  ounces  of  silver. 
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The  production  pf  blende  in  Prussia  was : — 

In  1890 362,464  tons. 

1891 878,082    „ 


a 


f> 


1892. 


407,987 


Jf 


In  1894,  160,000  tons   blende  '  were  worked   in   Prussia  for 
sulphuric  acid. 

Pboduction  of  Sulphuric  Acid. 

Jurisch  (Dammer,  vol.  i.  p.  206)  calculated  the  production  of 
Sulphuric  Acid  in  the  German  Empire,  expressed  in  tons  of  real 
H2SO4,  as  follows  : — 


Year. 


1890. 
1891. 
1892. 


From 
Pyrites. 

From 
mixed  Ores. 

From 
Blende. 

From 
Brimstone. 

Total. 

391,211 

34,120 

58,820 

7,810 

491,961 

435,950 

33,000 

60.000 

7,600 

536,450 

394,400 

33,000 

62,000 

7,000 

496,400 

(In  1893  the  total  production  was  506,624  tons.) 

Tlie  same  author  calculates  the  total  production  of  the  world  in 
1890,  based  partly  on  somewhat  doubtful  assumptions  (apparently 
rather  too  high)  : — 

In  Europe 2,152,000  tons  real  H,S04. 

„  America  665,000        „  „ 


2,817,000 


The  Conmmption  of  Sulphur  in  the  United  States  from  all 
sources  in  1893  is  stated  in  Roth  well's  '  Min.  Ind/  1894,  p.  547 
(in  English  tons)  : — 

CoDt.  real  Sulphur. 

107,661  tons  brimstone  imported   105,508 

1,200     „  „  mined  in  the  country,         1,176 

221,000     „    pyrites  imported 106,080 

95,000     „         „      mined  in  the  country    . . .      42,750 


Total 255,514 
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(This  does  not  mention  zinc-blende,  which^  as  I  have  myself 
noticed^  is  employed  in  large  quantities  for  the  production  of 
sulphuric  acid  in  the  United  States.) 

Compare  also  later  on  the  statistics  given  in  connexion  with 
soda. 

In  Italy  (Candiani^  Chem.  Ind.  1895,  p.  153)  there  were  in 
1895  24  sulphuric-acid  works^  with  a  total  chamber-space  of  about 
4  million  cubic  feet^  half  of  which  produced  acid  only  for  their 
own  consumption  (for  superphosphate).  All  of  them  worked  with 
pyrites^  some  of  which  is  imported  from  Spain. 

Statistics  of  the  Soda  Industby. 

The  statistical  data^  given  in  the  first  edition  of  this  book. 
Vol.  III.  pp.  67  to  75,  will  not  be  repeated  here,  although  these 
older  figures  are  not  at  all  devoid  of  interest;  we  shall  here 
confine  ourselves  chiefly  to  more  recent  statistics. 

Great  Britain  and  Ireland, 

The  quantities  of  salt  employed  in  the  Leblanc  and  ammonia 
soda  processes  during  the  years  from  1862  to  1892  have  already 
been  quoted  (Vol.  II.  p.  16).  We  here  give  the  figures  for  1893 
and  1894  :— 

Used  for  saltcake  and  in  the  Leblanc        ^^^'  ^®^- 

process 467,562        4*4,298 

Used  in  the  ammonia-soda  process. .     349,609        361,603 


Total 817,171         795,901 

Showing,  again,  a  decline  since  1890,  when  the  consumption  of 
salt  was  at  the  maximum  of  855,029  tons.  The  consumption  of 
salt  for  ammonia  soda  is  still  on  the  increase,  but  that  consumed 
in  the  Leblanc  process  is  smaller  than  in  any  year  since  1874. 

There  were  71  alkali-works  in  Great  Britain  in  1894. 

The  production  of  soda  in  different  forms  and  that  of  bleaching- 
powder  (comprising  its  equivalent  of  chlorate  of  potash)  are  taken 
from  the  data  collected  by  the  British  Alkali  Makers'  Association. 
Unfortunately  these  are  not  accessible  since  1887,  even  by  special 
inquiries.    The  soda-ash  is  all  reduced  to  48^  (=82  p.  c.  NajCOs), 
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the  caustic  to  60''  (=1026  p.  c.  NasCO,).    The  figures  indicate 
tons. 


Year. 


1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 


Leblano 
Soda-asb, 

48°. 


1887. 
1890. 


217,656 
196,876 
230,683 
266,093 
238,687 
233.213 
227,284 
204.072 
184,597 
165,782 


Ammonia 

Soda-asb, 

48°. 


6,220 
11,116 
15,526 
18,800 
20,400 
39,000 
52,750 
61,480 
77.530 
85,000 


255,272 


Soda 

Crystala, 

21°. 


169,769 
170,872 
185,319 
192,026 
203,773 
180,846 
188,678 
182,567 
202,705 
182,379 


Caustic 

Soda, 

60^. 


74,663 
84,642 
86,511 
106,384 
108,310 
116,864 
119,929 
141,639 
144,954 
153,884 

169,463 


Bicar- 
bonate, 

38°, 


12;109 
11,756 
13,083 
13,539 
12,853 
14,116 
13,609 
14,576 
15,179 
15,063 


Bleaching- 
Powder  &iid 
Cblorate  of 
Potaafa. 


105,529 

105,044 

116,290 

131,606 

135,826 

135.170 

141.868 

128.651 

132,761 

163,234 

139,925 

153,000 


Exportation  of  Chemicals  from 

Alkali  in  all  forms : — 

1893. 

Tons. 

Russia 15,265 

Sweden  and  Norway     ...  6,665 

Germany    6,716 

Holland 4,470 

France    2,860 

Spain  11,560 

Italy   9,955 

United  States     173,325 

Australia    7,085 

British  North  America...  10,820 

Other  Countries 43,415 

Total 291,685 


Great  Britain. 

1894 

1886. 

Tons. 

Tons. 

9,929 

9,737 

6,787 

7,984 

6,867 

5,610 

6,269 

6,647 

2,317 

2,139 

15,407 

15,995 

10,789 

11,721 

166,834 

176,248 

11,532 

9,958 

11,718 

10,776 

52,022 

66,181 

i 


298,971       312,996 
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Bleaching^Powder : — 

1803. 
Tons. 

United  States  39,330 

Other  Countries 27,055 

Total 66,385 
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1894. 

1806. 

Tons. 

Tons. 

89,327 

44,537 

25,216 

26,188 

64,543         70,675 


Chlorate  of  Potash  : — 

Japan  alone  tcwk,  in  1893, 1,504  tons  from  England^  only  54  tons 
from  Germany,  and  17  tons  elsewhere. 


Pricet  in  England, per  ton  (Liverpool). 

1.  Soda-ash  (48°)  :— 

£   s.  d. 

1830 26  10  0 

1839-40  15    0  0 

1878 6  10  0to£6 

1886 4    0  0 

1891 4  15  0 


0    0 


2.  Soda  Crystals: — 

£    s.  d. 

1800 44  10  0 

1810 59  10  0 

1820 36  10  0 

1830 18     6  0 

1840 10    2  6 

1850 6  10  0 


£    s.  d. 

1860 6  15  0 

1868 4    2  6 

1878 3  12  6 

1886 2  15  0 

1889 2    2  6 


3.  Bleaching-Powder : — 

£    s.  d. 

;  1799 168    0  0 

1805 120    0  0 

1815 80    0  0 

1880 20    0  0 

1850 13  15  0 


£    s.  d. 

1868 10  12  0 

1878 5    0  0 

1886 5  17  6 

1891 6  10  0 


746  STATISTICS. 

Germany. 

The  extent  of  the  German  soda  industry  cannot  be  inferred 
from  the  official  statistics  of  the  production  of  salt,  as  these  quote 
only  the  solid  salt  converted  into  saltcake  and  Leblanc  soda,  but 
not  the  very  large 'quantities  of  brine  directly  entering  into  the 
ammonia-soda  process,  which  are  included  in  the  British  statistics. 

The  total  production  of  soda  in  all  forms  is  estimated  in  successive 
communications  by  Hasenclever  as  follows,  reducing  all  the  data 
to  tons  of  100  per  cent,  sodium  carbonate  (=58*5  per  cent,  real 
NajO),  which  makes  them  appear  much  too  small  if  compared 
with  the  British  Alkali  Makers'  data  (p.  744) ,  where  soda-ash  is 
reduced  to  48  per  cent.,  crystals  to  21  per  cent.,  caustic  to  60  per 
cent.,  and  bicarbonate  to  38  per  cent.  Na^O : — 

Year.  Leblanc  Soda.  Ammonia  Soda.  Total. 

1877 42,500 

1883 56,200  59,100  115,300 

1890 80,000  1 65,000  195,000 

1894 40,000  .210,000  250,000 

The  steady  rise  of  the  soda  industry  in  Germany  is  very  clearly 
illustrated  by  the  table  on  p.  747,  expressed  in  metrical  tons^ 
compiled  from  the  official  statistics  of  exportation  and  importation, 
which  have  been  rendered  more  simple  by  reducing  all  alkali 
products  in  the  last  column  to  100  per  cent,  sodium  carbonate. 
The  table  shows  for  every  year  the  excess  of  importation  over 
exportation,  or  vice  versa.  Taking  only  the  grand  totals, 
summarized  in  the  last  column,  we  find  the  maximum  excess 
of  importation  over  exportation,  about  27,000  tons,  in  1876 
to  1878.  In  1884  the  scale  inclines  the  other,  way,  and  has 
now  arrived  at  about  40,000  tons  excess  of  exportation  over 
importation.  But  this  difference,  considerable  as  it  is,  does  not 
by  far  represent  the  real  development  of  the  soda  industry  in 
Germany,  since  the  internal  consumption  of  alkali  in  that  country 
has  enormously  increased  during  the  period  over  which  these  data 
extend  (comp.  Hasenclever's  estimates,  suprd)  • 
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The  corresponding  figures  for  the  excess  of  importation  over 
exportation^  or  vice  versa,  into  Germany  for  bleacMng-powder  are 
as  follows  (in  metrical  tons)  : — 


Import 

Export 

Import 

Export 

Year. 

Excess. 

Excess. 

Year. 

Excess. 

Excess. 

1882.... 

..     5,440 

1889.... 

..     3,907 

•  *  • 

1883.... 

..     4,456 

1890.... 

..     6,098 

•  •  « 

1884.... 

..     5,441 

1891.... 

. .     2,074 

•  •  • 

1885.... 

..     5,747 

1892.... 

•    •                            •    •    • 

626 

1886.... 

..     5,330 

1893.... 

•    •                             •    *    • 

1,534 

1887.... 

. .     2,975 

1894.... 

•    •                            •  •   • 

2,178 

1888.... 

..     4,512 

France. 

The  following  quantities  of  salt  have  been  used  in  the  mano- 
facture  of  saltcake  and  soda  (metrical  tons)  : — 

Saltcake  and  Ammonia 

Year.             Leblanc  Process.  Process. 

1878 117,015  32,891 

1879 118,770  43,640 

1880 125,317  47,952 

1881 127,230  60,023 

1882 128,911  72,174 

1883 125,655  85,854 

1884 125,695  97,491 

1885 126,990  120,551 

1886 120.001  141,181 

1887 112,024  152,202 

1888 107,020  155,902 


Total. 
149,906 
162,410 
173,269 
187,253 
196,085 
211,509 
223,186 
247,541 
261,182 
264,226 
262,922 


Excess  of  importation  over  exportation,  or  vice  versa,  in  France, 
in  metrical  tons :— 
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\*A&r 

Soda-ash. 

Csustio 
Sodii. 

Black-ash  and 
Nat.  Soda. 

Soda 
Crystals. 

Bicar- 
bonate. 

Bleacbing- 
Powder. 

Imp. 

Excess. 

Exp. 
Excess. 

Imp. 

Excess. 

Exp. 
Excesd. 

Imp. 
Excess. 

Exp. 
Excess. 

Imp. 
Exceas. 

Exp.  ' 
Excess. 

Imp. 
Excess. 

Exp. 
Excess. 

Imp. 
Excess. 

Exp. 

Excess. 

i 

1889  ... 

1890  ... 

1891  ... 

1892  ... 

•  •  ■ 

•  •  • 

«  •  ■ 

4,819 
2,759 
U19 

1,859 

1 

3.286 
1,705 

■  •  • 

■  •  ■ 

•  «  • 

•  •  » 

237 
268 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

1 

1,435 

170 

2,595 

1,072 

•  ■  • 

■  •  * 

•  •• 

■  ■• 
1 

1 
26,865 

29,190 

25,343 

26,490 

100 
337 
539 
549 

••• 

*•. 
... 
... 

1 

■  •  ■ 
1 

■  •  • 

•  «  ■ 

•  •  • 

... 

•*. 
4,453 
8,227 

lu  Chlorates  there  was  no  importation^  the  exportation  was  in 

tons : — 

1889.  1890.  1891.  1892. 

Chlorate  of  potash 200  135  254  129 

soda  and  baryta.     183  171  272  284 


if 


United  States  of  America. 

The  following  estimate  for  the  fiscal  year  ending  May  1,  1890, 
is  given  in  the 'Oil,  Paint,  and  Drug  Reporter,^  1895,  No.  6, 
p.  24  c,  as  to  the  total  production  in  the  United  States : — 

lbs.  Metr.  tons. 

Soda-ash   98,801,200  38,204 

„     crystals    144,641,705  58,290 

Bicarbonate 60,678,750  24,453 

Caustic  Soda 33,002,720  13,299 

Sulphuric  Acid,  50°  B ...  1 ,009,683, 407  406,901 

„           „     60°  B...       20,379,908  8,213 

„           „      66°  B....     354,533,657  142,863 

(The  figures  for  bicarbonate  appear  extremely  high.) 

Mr.  R.  P.  Rothwell  (private  communication)  estimates  the 
total  output  of  alkali,  reckoned  as  58  per  cent,  ash,  in  1895  =  about 
161,000  tons,  and  believes  that  in  three  years  it  will  exceed 
300,000  tons. 
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Rothwell's  'Mineral  Indastry/  iii.  p.  98^  gives  the  following 
figures  for  the  imports  of  chemicals  into  the  United  States  (in 
pounds)  : — 


Year. 

Sods-ash  and 
CryitalB. 

Caustic  Soda. 

Bicarbonate. 

Bleaching- 
Powder. 

1890 

1891  

360,521,656 
347,822,902 
361.648,637 
348.972,506 
219,517,064 

88,345,462 
68,154,226 
54,384,120 
52,116,492 
46,554,322 

916,355 
1,500,663 
1,466,595 
1,3H),426 

105,696,046 

108,880,831 

109,888,561 

98,6iai47 

96,256.251 

1892  

1893  

1894  

Chlorate  of  potash :  1 893 3,881,791  lbs. 

1894 4,599,969  „ 
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In  1895  several  lots  of  caustic  soda  were  actually  exported 
from  America  (by  the  Solvajr  Processes  Co.)  to  England;  but  this 
was  only  in  consequence  of  a  temporary  disarrangement  of  the 
trade,  inasmuch  as  the  United  Alkali  Co.  was  then  selling  caustic 
soda  in  England  at  from  $10  to  f  14  a  ton  more  than  in  New 
York. 


Tdtal  Production  of  the  World. 

I.  Soda  of  all  kinds. 

Weldon  (Joum.  Soc.  Chem.  Ind.  1883,  p.  2)  estimated  the 
production  in  1882,  calculated  in  tons  of  pure  Na^COs : — 

Leblanc  Ammonia 

Procees.             Process.  Total. 

England 380,000          52,000  432,000 

Prance 70,000          57,125  127,125 

Germany 56,500          44,000  100,500 

Austria   39,000             1,000  40,000 

Belgium 8,000  8,000 

United  States 1,100  1,100 

545,500         163,225  708,726 

Since  then  the  state  of  affairs  has  very  much  changed,  as  is 
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apparent  from  the  special  statistics  given  above.  In  Great 
Britain  the  production  has  not  greatly  increased^  in  France  it  has 
decidedly  done  so;  in  Germany  it  has  far  more  than  doubled 
(p.  746) ;  and  the  United  States  have  only  entered  the  field  since 
that  time  (p.  749).  The  present  production  of  the  world  must 
exceed  the  equivalent  of  a  million  tons  of  pure  sodium  carbonate. 

II.  Bleaching-Powder  and  Chlorates. 

Eschellmann  (Chem.  Ind.  1889^  p.  2)  estimates  the  production 
in  1888  :— 

Bleaching-Powder. 

Tons.  Tons. 

England  142,605  =  Chlorine  49,912 

Continent    40,000=       „  14,000 

182,605  63,912 

Chlorates. 

Tons.  Tons. 

England  6,000= Chlorine  1,737 

Continent    1,500=       „  435 

7,500  2,172 

Hydrochloric  Acid  (32°  Tw.). 

Tons.  Tons. 

Germany 148,450*  Chlorine  49,000 

Total  Chlorine 115,084 


This  amount  of  chlorine,  contained  in  the  final  products, 
corresponds  to  300,000  tons  chlorine  in  the  raw  materials. 

Kolb  estimates  the  total  production  of  bleaching-powder  in 
Europe  in  1892=220,000  tons. 


ADDENDA 

TO  VOLS.  I.,  II.,  AND  III.  OP  THE  SECOND  EDITION. 


Vol.  I.  p.  16.  Production  of  Sulphur  in  Sicily, — According  to 
Chem.  Trade  Journ.  xiv.  p.  320,  the  Gill  kilns  are  rapidly  gaining 
ground  in  replacing  the  calcareous  methods,  and  they  increase  the 
output  of  sulphur  by  50  per  cent.  These  kilns  consist  of  an  oven, 
covered  by  a  cupola,  called  a  *'  cell ; ''  inside  there  is  a  smaller 
cupola,  within  which  a  coke  fire  is  burning.  Each  cell  holds  from 
5  to  30  cubic  metres  of  ore.  There  are  generally  six  cells  working 
in  an  angular  battery.  The  gases  generated  in  the  first  cell  pass 
by  lateral  channels  into  the  next;  by  the  time  the  fusion  is 
completed  in  the  first  cell,  the  contents  of  the  second  cell  are 
already  heated  up  to  the  igniting  point  by  the  gases,  and  so  on. 
The  gases  heavily  charged  with  sulphur  are  not  lost  as  in  the 
calcarone  method;  the  yield  is  much  larger,  the  time  shorter 
(three  or  four  days  for  each  cell),  and  as  the  quantity  of  smoke  is 
much  less,  the  work  can  be  continued  almost  all  the  year  round 
without  danger  to  the  crops.  In  1888  there  were  only  365  cells 
in  40  mines,  in  1894  already  1821  cells  in  225  mines,  that  is  over 
two-thirds  of  the  total. 

A  Report  of  the  Italian  Minister  of  Agriculture  for  the  year 
1894  (Chem.  Ind.  1895,  p.  182)  describes  the  depressed  state  of 
the  Sicilian  sulphur  industry. 

Vol.  I.  p.  18.  Occurrence  of  Sulphur. — According  to  Chem. 
Ind.  1892,  p.  443,  the  layer  of  sulphur  at  Tschirkat  in  Daghestan 
is  worked  to  the  extent  of  300,000  pud  (at  40  lbs.)  per  annum ; 
the  selling  price  is  1*18  roubles  per  pud. 

According  to  Chem.  Zeitg.  1894,  p.  2002,  a  large  bed  of  brim- 
stone has  been  found  in  Transcaspia,  60  versts  from  the  port  of 
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UsuQ'Ada  on  the  Caspian  Sea^  only  2  versts  from  a  railway-line. 
The  bed  is  just  below  the  level  of  the  ground  and  is  worked 
by  open  quarrying.  The  ore  contains  from  35  to  40  per  cent, 
sulphur^  and  costs  20  to  25  copeks  at  Usun-Ada.  If  the  results 
expected  were  realized^  Russia  would  become  entirely  independent 
of  Sicilian  sulphur. 

Extraction  of  Sulphur  in  Russia, — Chonski  (Chem.  Zeit.  1895, 
Repert.  p.  411)  reports  on  the  production  of  sulphur,  which  has 
been  tried  in  several  places  in  Russia,  but  has  been  everywhere 
discontinued.  He  enumerates  the  drawbacks  connected  with  the 
various  methods  for  extracting  sulphur  from  the  raw  ore.  This 
paper  should  be  consulted  by  those  who  consider  any  newly 
discovered  vein  of  sulphur  ore  as  being  equal  to  ready  money. 

Vol.  I.  p.  21.  Extraction  of  Sulphur  from  spent  Oxide  of  Gas^ 
works. — Broadberry  (Gas  World,  1895,  xxiii.  p.  643)  extracts  the 
sulphur  from  spent  oxide  of  gas-works  by  means  of  benzol  at  a 
temperature  of  70^  or  80^  C,  employing  a  circulating-apparatus. 
1  gallon  of  hot  benzol  yields  on  cooling  2'5  to  2*75  lbs.  of  solid 
sulphur,  and  retains  0'25  lb.  in  solution  which  is  obtained  in 
distillation.  From  an  experiment  with  20  lbs.,  he  calculates  a 
profit  of  £1  6s.  3d.  per  ton  of  spent  oxide. 

Vol.  I.  p.  21.  Sulphur  from  Pyrites. — Buisine  (Germ.  pat. 
73222)  heats  half-roasted  pyrites  with  sulphuric  acid,  to  recover 
sulphur,  ferrous  sulphate  being  obtained  as  by-product.  According 
to  pat.  79706,  the  pyrites  is  to  be  distilled  in  closed  vessels  at 
700^  C.  and  the  residue  treated  as  above  with  sulphuric  acid. 
The  residue,  consisting  of  sulphur  and  ferrous  and  cupric  sulphate, 
can  be  applied  as  it  is  to  vines  for  certain  diseases ;  or  else  it  is 
extracted  with  water,  the  residue  is  worked  for  sulphur,  and  the 
solution,  by  treating  it  with  metallic  iron,  yields  metallic  copper 
and  ferrous  sulphate. 

Vol.  I.  p.  27.  Different  behaviour  of  Pyrites  and  Marcasite. — 
Detailed  investigations  on  this  point  have  been  published  by 
A.  P.  Brown  (Chem.  News,  1895,  Ixxi.  p.  139  and  following 
numbers). 

Vol.  1.  p.  41.  Pyrites  in  Italy. — Candiani  (Chem.  Ind.  1895, 
p.  153)  gives  a  survey  of  the  Italian  occurrences.  In  Sicily 
excellent  pyrites  has  been  discovered.  The  whole  of  the  24  Italian 
sulphuric-acid  works  bum  pyrites,  partly  imported  from  Spain,  to 
the  exclusion  of  brimstone. 

VOL.  III.  3  c 
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Vol.  I.  p.  43.  Pyrites  in  Norway. — The  Vigsnaes  mines  are 
nearly  exhausted;  those  still  working  are:  Sulitjelma  (by  Bodoe); 
Bosmo  (by  Trondhjem);  det  Bergenske  Grubeselskab,  Stordoen 
by  Lervik;  Roraas  Kobbervark  (Trondhjem). 

Vol.  I.  p.  47.  Analyses  of  American  Pyrites  are  given  by 
K.  F.  Stahl  (Zsch.  f.  angew.  Chem.  3893,  p.  54).  No.  1  is  from 
Tallapoosa  Mine,  Georgia,  1882,-  No.  2  from  Rogers  Mine, 
Paulding  Co.,  Dallas,  Ga.;  No.  3  from  Sulphur  Mines  Co.  of 
Virginia,  Louisa  Co.,  1884;  No.  4,  Peru  Zinc  Co.,  La  Salle,  IlL; 
No.  5  from  Dodgeville,  Wis.;  No.  6,  from  the  same  mine  as  No.  3, 
1891;  No.  7,  Davis  Sulphur  Ore  Co.,  Franklin  Co.,  Mass.,  1891. 
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Vol.  I.  p.  57.  Estimation  of  Sulphur  in  Pyrites. — Gladding 
(Chem.  News,  1895,  Ixx.  p.  181)  describes  some  alleged  improve- 
ments in  my  method,  which  I  have  proved  not  to  be  such  in 
Zsch.  f.  angew.  Chem.  1895,  p.  69,  and  in  the  Joum.  Amer.  Chem. 
Soc,  March  1895. 

Vol.  I.  p.  63.  Testing  Pyrites  cinders  for  Sulphur. — In  investi- 
gating Watson's  method,  I  have  found  that  it  must  be  carried 
out  with  special  precautions  in  order  to  yield  accurate  results. 
3*200  grams  of  the  finely  ground  sample  are  mixed  with  2*000 
grams  sodium  bicarbonate  (of  known  alkalimetrical  titre),  and 
heated  in  a  nickel  or  iron  crucible;  a  platinum  crucible  easily 
leads  to  over-heating.  The  heating  is  continued  for  10  or  15 
minutes  with  a  very  small  flame,  then  another  15  minutes  with 
a  strong  flame,  but  without  fusing  the  mass.  The  crucible  must 
be  kept  covered,  and  the  mass  must  not  be  stirred ;  it  should  in 
the  end  be  red-hot^  and  after  cooUng  black  and  porous.  It  is 
boiled  in  a  porcelain  dish  with  water,  adding  the  same  volume  of 
neutral  solution  of  sodium  chloride  (without  which  addition  some 
oxide  of  iron  passes  through  the  filter) ;  the  filtered  solution  is 
titrated  with  standard  acid.     The  di£Perence  between  the  original 
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titre  of  the  bicarbonate  and  that  now  found  shows  the  sulphur, 
1  ccm.  normal  acid  indicating  0*5  per  cent.  S.  In  the  presence 
of  a  somewhat  considerable  quantity  of  zinc  this  method  does  not 
answer. 

Vol.  I.  p.  67.  Acid  smoke  from  chemical  and  other  works, — 
According  to  the  28th  Alkali  Report  (for  the  year  1891),  p.  19,  the 
quantity  of  acid  gas  which  escapes  into  the  air  at  St.  Helens,  cal- 
culating the  HCl  as  its  equivalent  of  sulphur  acids,  is  as  follows  : — 

Tons  Sulphur 
per  annum. 

From  Copper  and  Lead  smelting  works 11,480^ 

„  Glass-works 7,500  [- 19,313 

„  Polishing-powder  works 338J 

„  Coal  burnt  ( H  per  cent,  of  1,040,000) 1 5,600 

„  Chance-Claus  process ...          620 

„  Sulphuric-acid  chambers    173'! 

„  Alkaii-works    402/       ^^^ 

Total 36,108 

This  is  the  equivalent  of  72,216  tons  SO,  or  110,586  H2SO4,  of 
which  the  alkali-works  contribute  only  1^  per  cent.  Since  all 
this  is  given  off  from  an  area  of  about  3  square  miles,  each  square 
mile  at  St.  Helens  receives  the  equivalent  of  12,036  tons  sulphur, 
against  11  tons  in  summer  or  44  tons  in  winter  on  a  square  mile 
in  London. 

Vol.  I.  p.  68.  Treatment  of  complex  ores  containing  blende, — 
Hart  (Journ.  Soc.  Chem.  Ind.  1895^  p.  544)  proposes  treating 
fiuch  ores  with  sulphuric  acid  in  a  saltcake  pot,  and  when  the  mass 
has  become  pasty  transferring  it  to  a  blind  roaster  and  finishing 
it  there,  all  the  gases  going  into  vitriol  chambers.  The  zinc 
remains  behind  as  sulphate,  which  can  be  obtained  by  lixiviation 
and  crystallization;  or  else  it  is  mixed  with  poor  zinc  ore  and 
roasted,  in  which  case  the  oxygen  of  the  sulphate  combines  with 
the  sulphur  of  the  blende.     The  reaction  seems  to  be : 

ZnS  +4S08=ZnS04  +  4SO,. 

Vol.  J.  p.  70.  Spent  oxide  of  gas-works, — If  this  contains  con- 
siderable  quantities  of  cyanides,  it  may  cause  great  trouble  in  the 
manufacture  of  sulphuric  add  (31st  Alkali  Report,  p.  89). 

Vol.  I.  p.  73.   Utilization  of  Sulphuretted  Hydrogenfrom  sulphate* 

8c2 
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of '-ammonia  works  for  the  manufacture  of  Sulphuric  Acid. — ^This 
no  longer  a  rare  exception^  but  is  no^e  practised  in  a  good  many 
English  works^  as  shown  in  the  28th  Alkali  Report^  p.  66.  If  the 
gas  is  properly  introduced  into  the  burner  (comp.  Vol.  I.  p.  277)^ 
the  consumption  of  nitre  is  not  excessive^  and  it  is  even  possible  ta 
increase  the  heat  by  this  means^  if  the  spent  oxides  should  not 
suffice  for  this  purpose.  The  action  of  the  large  quantity  of  carbonia 
acid  accompanying  the  H^S  in  the  case  of  sulphate-of-ammonium 
works  would  seem  to  consist  only  in  requiring  a  certain  amount  of 
chamber-space,  contrary  to  the  opinion  reported.  Vol.  I.  p.  494. 

Vol.  I.  p.  78.  Testing  Nitrate  of  iSorfa.— Gilbert  (Zsch.  f. 
angew.  Chem.  1893,  p.  495)  points  out  that  the  Chilian  nitre 
always  contains,  and  always  has  contained,  some  potassium  nitrate. 
Hence  the  warning  recently  raised  against  buying  nitre  by 
"refraction,^'  which  means  paying  partly  for  KNOj  instead  of 
NaNOg,  and  thus  obtaining  less  nitrogen,  is  needless.  The  per- 
centage of  KNOs  rarely  exceeds  5  per  cent.,  and  the  deficiency  of 
nitrogen  caused  thereby  is  more  than  compensated  by  the  value  of 
the  potassium  for  agricultural  purposes.  The  old  method  of 
testing  for  *'  refraction  *'  is  obstinately  adhered  to  by  the  pro- 
ducers,  and  is  practically  very  useful,  even  more  so  than  the  direct 
guarantee  of  15*57  per  cent,  nitrogen  demanded  by  the  agri- 
cultural control-stations.  Jones  (eod,  loco,  p.  698)  mentions  that 
he  had  met  with  nitre  containing  much  more  potash ;  but  thi» 
nitre,  which  is  recovered  from  the  bilge-water  of  the  carrying 
vessels,  occurs  only  quite  exceptionally.  [In  these  discussions  the 
interests  of  agriculture  are  exclusively .  dealt  with.  Here  the 
potash  is  certainly  valuable  as  such,  but  the  sulphuric  acid  or  nitric 
acid  manufacturer  receives  no  benefit  whatever  from  the  potash,, 
and  for  him  the  nitrogen  estimation  is  exclusively  important,  as  I 
have  shown  in  Chem.  Ind.  1883,  p.  369;  comp.  Vol.  I.  p.  78.  The 
recovery  of  nitre  from  the  bilge-water  of  the  ships  conveying  it, 
which  had  been  carried  on  for  a  long  time  as  a  matter  of  course,^ 
forms  the  subject  of  a  recent  English  patent !] 

Vol.  I.  p.  78.  A  new  bed  of  nitrate  of  soda  has  been  found  in 
Columbia  (Journ.  Soc.  Chem.  Ind.  1894,  p.  1001).  It  is  about 
100  kilometres  distant  from  San  Juan  de  la  Cienaga,  and  had 
been  proved  up  to  that  time  for  a  surface  of  75  square  kilometres. 
It  has  a  thickness  of  from  30  centimetres  to  3  metres,  and  averages 
11  to  12  per  cent.  NaNOj,  together  with   calcium  carbonate,. 
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•calcium  sulphate^  and  silicates.  The  recoverable  nitre  is  estimated 
to  exceed  7  million  tons. 

Buchanan's  description  of  the  manufacture  of  nitrate  of  soda 
jind  iodine  in  Chili  (Journ.  Soc.  Chem.  Ind.  1893^  p.  128}  offers 
nothing  of  special  novelty  or  interest  for  our  purpose. 

Vol.  I.  p.  84.     Influence  of  nitrogen  tetroxide  on  the  specific 

.gravity  of  Nitric  Acid. — Prom  a  paper  by  Lunge  and  Marchlewski 

(Zsch.  f .  angew.  Ch.  1892^  p.  10)  I  give  the  following  table^  showing 

this  influence  iu  the  case  of  nitric  acid  of  spec.  grav.  1*4960 
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per  cent. 
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0-04476 
0D4650 
0K)4720 
0-05000 
0-05165 
0-06326 
005500 
005660 
005826 
0-06000 
006160 
0-06826 
006500 
0-06600 
0-06816 
0-06976 
007136 
0-07300 
0-07450 
007600 
007750 
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OOBOdO 
0-08200 
0-08360 


Vol.  I.  p.  88.  Manufacture  of  Nitric  Acid, — Prentice  (Engl, 
pat.  6960^  1898)  carries  on  this  process  in  a  continuous  manner. 
TThe  nitre  is  mixed  with  sulphuric  acid  outside  the  retort^  prefer* 
ably  in  a  kind  of  mortar.mill  (according  to  patent  No.  8902^ 
1893^  a  large  excess  of  sulphuric  acid  should  be  employed  and  the 
residue  subsequently  used  for  the  manufacture  of  superphosphate). 
The  mud  thus  produced  is  conveyed  into  a  heated  chamber  in 
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which  the  nitrate  dissolves  in  the  sulphuric  acid^  but  no  nitrie 
acid  is  as  yet  split  off  [?]  ;  here  chlorine  and  nitrogen  tetroxide 
are  liberated  and  escape  into  a  condensing-apparatus.     Owing  to 
this  the  nitric  acid  is  later  on  free  from  volatile  impurities  [? J .   The 
mixture  is  now  charged  into  the  retort^  which  has  an  oblong  section 
and  is  divided  into  a  number  of  separate  chambers  by  partitions 
starting  from  the  cover  and  not  reaching  entirely  to  the  bottom^ 
Above  each  chamber  the  cover  is  provided  with  a  head  and  vapour- 
pipe.   The  retort  is  heated  &om  below^  and  the  fire-gas  subsequently 
travels  round  the  sides.    The  mixture  coming  from  the  heating* 
chamber  enters  the  first  chamber  of  the  retort^  where  it  begins  to 
boil  and  gives  off  a  large  quantity  of  strong  nitric  acid  mixed  with 
a  little  nitrogen  tetroxide.    The  mixture  now^  without  ceasing  to 
boil^  flows  on  from  chamber  to  chamber^  giving  off  pure  nitric 
acid^  which  gets  weaker  and  weaker  in  the  following  chambers. 
In  the  last  chamber^  placed  immediately  above  the  fire^  the  tern- 
peature  is  highest ;  here  the  last  nitric  acid  is  driven  off,  together 
with  much  water  and  a  little  sulphuric  acid^  and  the  nitre-cake  ia 
drawn  oft,  free  from  the  nitrate.     By  this  method  |  of  fuel  and  ^ 
of  condensing-plant  [?]  can  be  saved.     A  still  producing  4  tons 
per  week  weighs  less  than  two  tons. — A  communication  by  Prentice 
in  the  ^Journal  of  the  Society  of  Chemical  Industry/  1894^  p.  323, 
gives  nothing  new.      In  discussing  it  doubts  were  expressed  as  to 
whether  that  process  is  applicable  at  such  works  where  the  residue 
cannot  be  utilized  for  the  manufacture  of  superphosphate. 

Vol.  I.  p.  92.  Manufacture  of  Nitric  Acid. — The  Griesheim 
Chemical  Company  (Germ.  pat.  59099)  place  behind  the  retort  & 
reflux  cooler^  consisting  of  a  Kohrmann  stoneware  worm^  contained 
in  a  water-tub  kept  at  about  *60°  C.  by  the  heat  of  the  operation 
itself.  The  acid  vapours  ascending  in  this  cooler  are  partially 
condensed  here;  in  consequence  of  the  high  temperature  the 
lower  nitrogen  oxides  (together  with  the  chlorine)  escape  in  the 
state  of  vapour,  and  are  condensed  by  air  and  water  in  a  ''  Lunge 
tower ''  (plate-column)  to  weak  nitric  acid.  The  acid  condensing 
in  the  worm  flows  into  a  receiver,  kept  at  80°  C,  and  is  therefore 
perfectly  pure,  no  '^ bleaching''  being  required.  Air  is  advan- 
tageously introduced  here.  [According  to  my  own  observations, 
this  system  works  very  well  and  on  a  very  large  scale.] 

Vol.  I.  pp.  92  and  889.     Guttmann's  apparatus  for  the  conderu 
sation  of  Nitric  Add  are  fully  described  in  a  communication 
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published  in  the  Joum.  Soc.  Chem.  Ind.  1893^  p.  203.  Farther 
improvements  are  contained  in  a  German  patent  by  Guttmann 
and  Rohrmann,  No.  7342  !•  By  means  of  an  air-injector  94  per 
cent,  of  the  theoretical  quantity  of  nitric  acid  is  recovered  as 
96  per  cent,  acid^  and  another  2  per  cent,  in  the  plate-column 
follovring  the  Guttmann  battery,  as  acid  of  80°  Tw.,  with  only 
1  per  cent,  as  N^O^,  and  with  consumption  of  1  part  of  coal  to 
3i  parts  of  strong  acid.  The  cooling- water  in  his  '^  water-battery *' 
amounts  to  150  or  200  litres  per  double  condenser,  and  the  com- 
pressed air  to  about  2  cub.  metres  of  4  atmospheric  tensions. 
The  new  battery  costs  only  about  half  as  much  as  the  old  (Zsch.  f, 
angew.  Chem.  1893,  p.  39). 

Oscar  Guttmann's  work,  'The  Manufacture  of  Explosives/ 
1895,  contains  a  very  good  account  of  the  manufacture  of  nitric 
acidy  with  many  illustrations. 

Hart  (Engl.  pat.  17289,  1894)  uses  an  apparatus  similar  in 
principle  both  to  Guttmann^s  and  to  the  cooling-worms  otherwise 
employed,  consisting  of  a  series  of  superposed  glass  tubes,  slightly 
inclined  to  the  horizontal,  which  starts  from  an  upright  stand- 
pipe  and  end  in  another  upright  pipe.  The  pipes  are  cooled 
by  squirting  water  upon  them  or  otherwise.  The  vapours  pass 
simultaneously  through  all  the  inclined  pipes.  As  the  water 
squirted  on  to  the  glass  tubes  evaporates,  its  cooling-action  is 
very  strong.  Hart  asserts  that  by  his  method  the  distillation  is 
effected  in  half  the  usual  time,  with  very  little  fuel  and  slight 
formation  of  'Nfi4. 

Valentiner  (Engl.  pat.  610,  1892)  manufactures  nitric  acid  in  a 
vacuum.  The  retort  in  which  the  sodium  nitrate  is  decomposed 
with  sulphuric  acid  is  connected  with  a  cooling-worm,  and  this  is 
connected  with  a  receiver,  from  which,  with  the  interposition  of  a 
Woulfe^s  bottle,  the  air  is  aspirated  by  an  air-pump.  In  this  way 
the  most  highly  concentrated  pure  nitric  acid  can  be  obtained. 
[Perfectly  pure  nitric  monohydrate,  produced  by  this  process,  is  now 
found  in  commerce.  Before  Valentiner  (whose  patent  dates  Sept.  8, 
1891),  I  had  shown  that  this  can  be  done  by  distilling  in  vacuo, 
Zsch.  f.  angew.  Ch.  1891,  p.  167,  published  March  15,  1891.] 

Hallwell  (Chem.  Zeit.  1895,  p.  118)  gives  some  details  as  to  the 
practical  application  of  the  process.  The  cast-irou  retort  holds 
16  cwt.  of  nitrate  of  soda  and  is  nearly  globular  in  form.  It  is 
not  heated  directly  by  the  flame,  but  is  surrounded  by  hot  gases* 


760  ADDENDA. 

At  the  top  there  are  necks  for  the  acid  vapour^  for  charging  the 
nitrate^  for  letting  in  air^  for  a  thermometer  (in  a  pipe  closed  at 
the  bottom)^  and  for  introducing  sulphuric  acid.  The  8-inch  wide 
neck  which  carries  away  the  acid  vapours  is  continued  into  a  glass 
cylinder^  through  which  the  inside  can  be  observed,  then  into  aa 
earthenware  bend,  connected  with  an  earthenware  worm  of  2^ -inch 
bore  and  50  square  feet  cooling-surface,  ending  in  a  three-way 
cock.  Then  follow  two  earthenware  receivers  of  60  gallons 
capacity  each,  with  outlet-cocks  at  the  bottom,  a  receiver  of  18 
gallons,  a  smaller  earthenware  worm  (2^-inch  bore  and  25  square 
feet  cooling-surface),  a  60-gallon  receiver  and  five  18-gallon 
receivers,  all  of  them  provided  with  outlet-cocks  at  the  bottom 
and  air-cocks  at  the  top.  The  second  small  receiver  behind  the 
second  worm  is  charged  with  water,  the  fourth  with  sulphuric 
acid;  in  these  the  inlet-pipes  are  deep  enough  to  dip  into  the 
liquid.  The  last  receiver  is  connected  with  the  air-pump.  The 
two  large  receivers  behind  the  first  worm  receive  most  of  the 
condensed  acid  and  are  alternately  put  into  series  by  means  of 
the  three-way  cock;  thus  the  acid  can  be  drawn  off  without 
interrupting  the  work.  The  joints  are  all  made  by  means  of 
flanges  provided  with  rills  and  a  cement  made  of  silicate  of  soda 
and  asbestos.  The  vacuum  helps  to  keep  the  joints  tight,  and  they 
stand  very  well. 

When  the  nitrate  has  been  charged,  all  necks  are  closed,  the 
air-pump  is  started,  and  by  opening  a  tap  in  the  connecting-pipe 
sulphuric  acid  is  drawn  in  from  a  store-tank.  Much  gas  is  given 
off  at  once ;  first  of  all  nitrosyl  chloride,  which  mostly  travels  as 
far  as  the  receivers  behind  the  second  worm.  When  the  vacuum 
has  gone  up  to  500  millimetres  of  mercury,  the  fire  is  started  and 
the  thermometer  rises  to  80°,  which  temperature  is  kept  up  during 
the  principal  phase.  The  vacuum  is  kept  at  650  or  670  millim. 
In  the  end  the  temperature  must  be  raised  to  120°  or  at  most 
130°.  When  no  more  acid  distils  over,  the  air-pump  is  stopped^ 
and  the  temperature  is  raised  to  170°  or  175°,  in  order  to  render 
the  nitre-cake  more  liquid. 

Through  this  low  temperature  the  decomposition  of  the  nitric 
acid  and  the  reducing-action  of  the  iron  is  reduced  to  a  minimum. 
Therefore  the  yield  is  almost  equal  to  theory,  and  that  mostly 
in  the  shape  of  strong  acid.  With  undried  nitre  and  sulphuric 
acid  of  142°  Tw.  the  yield  is  95'7  per  cent,  of  the  theoretical^ 
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in  the  shape  of  acid  of  90^°  Tw.  (78  per  cent.  HNOj),  and 
3*8  per  cent,  impure  acid  of  2 1  i°  IV.,  together  99*5  per  cent. 
With  undried  nitre  and  sulphuric  acid  of  160°  Tw.  the  yield  is 
99  per  cent,  nitric  acid  93^°  Tw.  (81  per  cent.  HNO3),  and 
0*8  per  cent,  as  dilute  acid,  together  99*8  per  cent.  The  weak 
acid  is  left  in  the  receivers  till  it  has  risen  to  66°  Tw.  With 
dry  nitre  and  sulphuric  acid  168°  Tw.,  real  nitric  monohydrate 
can  be  obtained.  The  usual  strength,  100^  Tw.,  contains  only 
0*04  per  cent,  iffi^  and  no  chlorine  at  all,  against  0*95  to  1*92 
per  cent.  NjOa  in  the  ordinary  100°  acid. 

While  in  other  processes  charges  of  6  to  8  cwt.  nitre  require  from 
15  to  20  hours  to  be  worked  off,  here  a  16  cwt.  charge  takes  only 
7  or  8  hours,  and  two  charges  are  easily  made  in  24  hours,  which 
means  four  or  five  times  the  usual  quantity.  The  consumption  of 
coal  is  8  or  9  parts  for  firing  and  6  or  7  pai*ts  for  the  vacuum, 
together  14  or  16  parts  to  100  nil  re,  against  32  to  35  parts  in  the 
old  process.  There  is  also  no  steam  or  compressed  air  needed  for 
refining  the  acid.  The  durability  of  the  retorts  is  greater  than  in 
the  old  process,  and  the  earthenware  vessels  do  not  suffer  at  all. 
The  temperature  of  the  first  receivers  is  only  35°  to  42°,  the  back 
receivers  are  cold  ;  they  never  crack,  nor  do  they  collapse  through 
the  atmospheric  pressure,  as  they  are  made  rather  thick-walled 
and  nearly  globular  in  shape.  Any  cracks  in  the  pipes  or  bad 
places  in  the  receivers  are  cured  by  putting  on  asbestos  paper 
floaked  in  silicate  of  soda  solution.  If  too  much  frothing  is 
observed  through  the  glass  cylinder,  this  is  at  once  remedied  by 
opening  the  air-cock.  The  total  length  of  the  apparatus  is  only 
40  feet,  the  width  of  the  furnace  17  feet,  that  of  the  condensing- 
plant  5  feet.  Large  apparatus  holding  from  50  to  60  cwt.  is  to  be 
oonstructed.  The  sanitary  drawbacks  of  the  ordinary  nitric  acid 
manufacture  vanish  when  working  with  a  vacuum  [how  about 
the  action  on  the  air-pump  ?] . 

Vogt  (Engl.  pat.  22018,  1891)  manufactures  nitric  acid  by 
heating  an  alkaline  nitrate  with  its  own  weight  of  an  *'  inert  '^ 
substance,  as  lime,  oxide  of  iron,  or  manganese.  The  materials 
are  mixed  with  water  into  a  paste,  dried,  broken  into  pieces,  and 
charged  into  vertical  clay  or  iron  retorts  heated  to  350°,  while 
passing  through  a  current  of  steam  and  carbonic  acid,  also 
heated  to  350°.  Nitric  acid  distils  off  and  alkaline  carbonate 
remains  behiud,  and  is  separated   from   the  inert  material   by 
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lixiTiation.  In  order  to  avoid  the  coudeusation  of  lower  nitrogen 
oxides^  a  little  heated  air  is  mixed  with  the  gases  issuing  from  the 
retort^  or  previously  with  the  steam  and  carbonic  acid« 

Compare  also  the  process  of  Lunge  and  Lyte^  Engl.  pat.  13654 
and  13655^  1893  (p.  258),  in  which  ferric  oxide  is  employed  and 
caustic  soda  is  obtained^  also  that  of  Garroway^  p.  257. 

Campbell  and  Walker  (Engl.  pat.  9782,  1894)  grind  nitre-cake 
(acid  sodium  sulphate)  with  nitrate  of  soda  and  charge  the  mixture 
into  retorts  provided  with  a  mechanical  agitator. 

Garroway  (Engl.  pat.  2466,  1895)  prepares  nitric  acid  by  heat* 
leg  a  mixture  of  nitrate  of  soda  and  copperas  or  alum^  obtaining 
sulphate  of  soda  and  oxide  of  iron  or  alumina. 

Volney  (Joum.  Amer.  Chem.  Soc.  1891,  xiii.  p.  246)  shows- 
that  the  frothing  in  the  ordinary  nitric-acid  process  takes  place 
only  in  the  last  stage,  when  the  strong  acid  has  passed  over  and 
when  the  last  portion  of  the  nitre  is  suddenly  acted  upon,  with 
formation  of  weaker  acid. 

Darling  and  Forrest  (Engl.  pat.  5808,  1894)  propose  obtaioing 
nitric  acid  by  the  electrolysis  of  fused  alkaline  nitrates,  together 
with  metallic  potassium  or  sodium.  Patent  No.  13171,  1895^ 
extends  this  process  to  the  production  of  nitrous  fumes  (together 
with  sodium  oxide)  for  the  manufacture  of  sulphuric  acid. 

Siemens  and  Halske  (Germ.  pat.  appl.  S.  8134,  1894)  suggest 
utilizing  the  well-known  formation  of  nitric  acid  by  the  direct 
union  of  oxygen  and  nitrogen  under  the  influence  of  the  silent 
electrical  discharge.  This  reaction,  which  under  ordinary  circum- 
stances is  much  too  slow,  is  to  be  promoted  by  adding  ammonia- 
gas,  which  causes  an  abundant  formation  and  separation  of  solid 
ammonium  nitrate. 

Vol.  I.  p.  96.  Utilization  of  waste  acids  from  nitrating  pro^ 
cesses. — The  waste  acids  from  the  manufacture  of  explosives 
contain  much  more  nitric  acid  than  those  from  the  manufacture 
of  nitrobenzene.  Nitroglycerin  waste  acid  contains  about  10  per 
cent.  HNOs,  70  HsSO^,  20  HgO;  gun-cotton  acid  11  or  12  HNO,, 
80  H3SO4,  8  H2O.  These  acids,  if  it  is  not  possible  to  consume 
them  in  a  Glover  tower,  can  be  used  for  replacing  part  of  the  sul- 
phuric acid  in  the  nitric-acid  manufacture  ;  or  else  they  are 
denitrated  by  steam,  producing  sulphuric  acid  of  about  120^  Tw» 
(which  is  concentrated  by  evaporation  and  used  over  again)  and 
nitric  acid,  together  with  lower  nitrogen  oxides.     By  passing  the 
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vapours  mixed  with  air  through  some  receivers  and  then  through 
a  ^'  Lunge  tower/'  the  nitrogen  oxides  are  also  converted  into 
nitric  acid,  the  total  being  recovered  as  nitric  acid  of  70°  or  even* 
89°  Tw. 

A  detailed  description  of  the  denitrating  process  is  found  in 
O.  Guttmann's  '  Manufacture  of  Explosives '  (London,  1895), 
vol.  ii.  p.  177. 

Concentration  of  Nitric  Acid, — Colin  (French  pat.  211045)  pre- 
pares fuming  nitric  acid  of  spec.  grav.  1*5  by  distilling  acid  of  1*4 
with  sulphuric  acid  of  1*84  in  enamelled  cast-iron  retorts,  and 
employing  a  glass  three-way  cock  for  separating  the  distillates 
[this  apparatus  is  not  practicable]. 

Erouard  (Germ.  pat.  62714)  also  concentrates  dilute  nitric 
acid,  or  waste  acids  from  nitrating  processes^  by  adding  strong 
sulphuric  acid,  or  a  solution  of  CaCls  or  MgCl^  [I],  and  distilling 
the  mixture  in  a  vessel  in  which  it  travels  in  a  zigzag  direction. 

H.  A.  Frasch  (Germ.  pat.  applic.  F.  6829, 1893)  prepares  highly 
concentrated  nitric  acid  by  passing  the  vapours  from  the  nitric-acid 
retort  through  a  tower  heated  above  the  boiling-point  of  the  acid, 
in  which  hot  concentrated  sulphuric  acid  is  descending,  or  in 
which  other  dehydrating  substances,  such  as  anhydrous  sulphate  of 
soda  or  burnt  plaster-of- Paris,  act  upon  the  mixed  vapours. 

Pumping  of  Nitric  Acid, — For  this  purpose  Paul  Kestner,  of 
Lille,  has  constructed  special  pulsometers  entirely  of  stoneware, 
which  are  supplied  by  Ludwig  Rohrmann,  of  Krauschwitz  near 
Muskau  (Silesia). 

Vol.  I.  p.  96  and  Vol.  II.  p.  122.  Utilization  of  Nitre-cake. — 
Giles,  Roberts,  and  Boake  (Engl.  pat.  11979, 1890) convert  ordinary 
nitre-cake  by  addition  of  sulphuric  acid  into  ''pentasulphate,^' 
NajO,  5  SOs,  3  H^O,  which  can  be  packed  in  iron  drums  [?]  or 
ordinary  casks  and  usefully  employed  for  certain  purposes. 

Vol.  I.  p.  97.  The  specific  heat  of  liquid  Sulphur  Dioxide  has 
been  ascertained  by  Mathias,  Compt.  rend.  cxix.  p.  404.  Between 
-20°and  +  130°C.  itis: 

0-31712  +  0-0003507^ + 0-000006762^*. 

Vol.  I.  p.  101.  Injurious  action  of  Sulphur  Dioxide  upon  health, 
— ^Lehmann  (Zsch.  f.  angew.  Ch.  1893,  p.  612)  shows  that  persons 
not  habituated  to  sulphurous  acid  are  very  little  affected  by 
0*012  pro  mille,  but  perceptibly  so  by  0012  pro  mille  SO,.     The 
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presence  of  0*030  pro  mille  after  a  few  minutes  causes  strong 
irritation  of  the  nasal  membranes,  sneezings  and  slight  coughing^ 
•which  symptoms  decrease  after  10  minutes.  The  employes  and 
workmen  accustomed  to  it  are  but  little  affected  by  0037  pro  mille; 
the  sensibility  to  SOj  seems  to  be  lessened  by  habitually  respiring 
air  containing  it. 

Vol.  I.  p.  133.  Freezing-points  of  Sulphuric  Acid. — ^Thilo 
(Joum.  Soc.  Chem.  Ind.  1893,  p.  827)  gives  very  extended  tables 
as  to  the  results  obtained  by  him  in  R.  Pictet's  laboratory.  Pictet, 
himself,  subsequently  (Compt,  rend.  cxix.  p.  642)  supplies  the 
following  table : — 


Formula. 

SO,H, 
per  cent. 

Spec. 
Grav. 

HaSO^ 

10000 

1-842 

.      +H,0 

84-48 

1-777 

.       211  fi 

7308 

1-650 

.       4    I 

57-66 

1-476 

,       6    „ 

47-67 

1-376 

,       8    „ 

40-50 

1-311 

,      10    „ 

35-26 

1-268 

,      11     » 

33-11 

1-249 

,      12    ,. 

31-21 

1-233 

.     13    » 

29-62 

1-219 

,      14    „ 

28  00 

1-207 

Freezing- 

Formula 

SO^H., 

Spec. 

Freedng^ 

point. 

percent. 

Gray. 

point. 

+  10° 

HJSO^-h  16  HP 

26-63 

1196 

-34^ 

+    3 

ft           16    „ 

26-39 

1-187 

-26-6 

-70 

».                         18         M 

23-22 

1170 

-19 

-  40 

20    „ 

21-40 

1-157 

-17 

-  50 

25    „ 

17-88 

1-129 

-    8-5 

-  65 

60    .. 

9-82 

1-067 

-    3-5 

-88 

»           75    „ 

6-77 

1-046 

0 

-75 

100    „ 

616 

1-032 

+    2-5 

-56 

,y                 300       „ 

1-78 

1-007 

+   4-6 

-  45 

.,        1000    „ 

0-54 

1001 

■f    0-5 

-  40 

Vol.  I.  pp.  144  and  892.  Action  of  Sulphuric  Acid  on  lead. — ^The 
extensive  investigation  made  by  myself  together  with  E.  Schmid, 
has  been  published  in  Zsch.  f.  angew.  Chem.  1892^  p.  642^  ako 
partly  in  Joum.  Soc.  Chem.  Ind.  1893,  p.  146.  I  here  give  a 
very  brief  synopsis  of  our  results,  some  of  which  are  of  great 
practical  importance. 

1.  In  the  presence  of  heat  the  purest  lead  in  all  cases  resists  both 
pure  and  nitrous  sulphuric  acid,  with  or  without  access  of  air, 
much  better  than  '^regulus  metal''  (82  Pb,  18  Sb)  or  ''hard lead'' 
(1*8  per  cent.  Sb),  or  even  soft  lead  with  only  O'H  per  cent.  Sb. 
In  the  cold,  lead  with  0*2  per  cent.  Sb  is  very  slightly  superior  to 
the  purest  lead ;  regulus  metal  behaves  much  worse,  and  hard  lead 
worst  of  all, 

2.  Concentrated  nitrous  vitriol  is  always  more  active  than  pure 
acid.  In  the  case  of  somewhat  dilute  acid  (spec.  grav.  1*72  to 
1*76),  nitrous  vitriol  acts  less  than  pure  acid  on  soft  lead  and  hard 
lead,  owing  to  a  protective  coating  of  lead  sulphate  being  formed. 
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If  more  dilute^  the  action  is  again  stronger  (com p.  below).  In 
all  cases  nitrous  vitriol  acts  more  in  the  presence  than  in  the  absence 
of  air. 

3.  Comparing  two  samples  of  soft  lead,  the  purer  sample  wa* 
found  decidedly  better ;  even  a  very  slight  proportion  of  bismuth 
(0*044  per  cent.)  acts  injuriously. 

4.  It  is  altogether  inadmissible  to  judge  of  the  resistance  of  lead 
to  sulphuric  acid  from  the  quantity  of  the  gas  (hydrogen)  evolved. 
Soft  lead  gives  off  at  the  ordinary  temperature,  after  a  week's 
contact,  much  gas ;  hard  lead,  although  losing  much  more  weight 
very  little  gas  (^l^^  of  the  theoretical  quantity),  probably  owing  to 
galvanic  action.  But,  on  this  account,  if  sulphuric  acid  is  to 
be  sent  out  in  tightly-closed  or  soldered-up  leaden  boxes,  they 
should  not  be  made  of  soft,  but  of  hard  lead,  since  otherwise  the 
hydrogen  may  bubble  up  or  burst  the  vessels. 

6  (a).  Lead  containing  up  to  02  per  cent,  copper  (alloys  con- 
taining more  copper  cannot  be  homogeneously  rolled)  is  in  the  cold 
acted  upon  by  strong  sulphuric  acid  more  than  pure  lead ;  with 
nitrous  acid,  there  is  not  much  diflference.  At  100°  C.  all  kinds  of 
acid  act  in  the  same  way  on  pure  lead  and  on  lead  containing  copper  • 
concentrated  pure  acid  rather  less  than  concentrated  nitrous  vitriol 
but  more  than  nitrous  vitriol  of  spec.  grav.  172  (comp.  No.  2), 
At  200°  C,  concentrated  acid  acts  alike  on  pure  lead  and  on  lead 
containing  0*02  per  cent.  Cu;  lead  containing  more  copper  is 
slightly  less  acted  upon  by  pure  acid,  but  rather  more  by  nitrous 
vitriol. 

(A)  Above  200°  (225°  to  255^)  lead  alloyed  with  1  per  cent, 
antimony  is  far  more  stongly  acted  upon  than  pure  lead  (in  the 
proportion  of  26*5  to  1  at  225°) ;  but  lead  containing  0*2  per  cent, 
copper  resists  the  acid  at  235°  much  better  than  pure  lead  in  the 
proportion  of  1  :  17,  and  at  255''  in  the  proportion  of  1  :  26-6. 

6  (a).  Pure  soft  lead  gives  no  visible  evolution  of  gas  with  pure 
concentrated  sulphuric  acid  up  to  220°.  From  this  point  more 
and  more  gas-bubbles  are  given  off,  and  at  260°  the  lead  is 
momentarily  dissolved  with  strong  frothing,  smell  of  SOj,  and  pre- 
cipitation of  sulphur,  the  temperature  rising  to  275°. 

(A)  The  same  lead,  alloyed  with  02  per  cent,  of  copper,  shows  a 
visible  evolution  of  gas  only  at  260°,  regularly  increasing  up  to  the 
boiling-point  (310°),  at  which  the  lead  is  very  gradually  dissolved, 

(c)  The  lead  tested  {sub  No.  7a),  alloyed  with  1  per  cent.  Sb, 
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gives  with  sulphuric  acid  the  first  visible  gas  at  175°,  more  strongly 
at  225°,  and  between  275°  and  280°  there  is  the  same  turbulent, 
sudden  solution  as  in  the  case  of  pure,  soft  lead.  [Bauer,  Berl.  Ber. 
1875,  p.  210,  found  similar  results;  according  to  him  0*73  per 
cent,  bismuth  lowers  the  temperature  of  sudden  decomposition 
from  240°  to  160°.] 

Hence  the  purest  lead  is  subject  to  instantaneous  solution  by 
sulphuric  acid  at  260°.  An  addition  of  1  per  cent.  Sb  raises  this 
temperature  only  about  20°,  but  0*2  per  cent.  Cu  completely 
destroys  this  liability  to  sudden  decomposition. 

7.  The  percentage  of  oxygen  in  lead  is  very  slight  even  in 
extreme  cases,  and  does  not  seem  to  have  any  connection  with 
its  liability  to  be  acted  upon  by  acids.  But  the  latter,  as  may  be 
imagined,  is  less  when  the  density  of  the  surface  is  mechanically 
increased. 

8.  The  final  considerations  in  selecting  the  kind  of  lead  best 
suited  for  constructing  apparatus  for  the  manufacture  of  sulphuric 
acid  are  as  follows : — 

For  vitriol  chambers^  towers,  tanks,  pipes,  and  all  other  cases 
where  the  temperature  can  rise  but  moderately,  and  certainly  never 
up  to  200^  C,  the  purest  soft  lead  is  preferable  to  every  other  de- 
scription  of  lead,  being  least  acted  upon  by  hot  acid,  whether  dilute 
or  concentrated,  pure  or  nitrous. 

Any  sensible  proportion  of  antimony  is  in  nearly  all  cases 
injurious ;  copper  causes  at  least  no  improvement.  This,  of  course, 
does  not  apply  to  those  cases  where  the  lead  requires  an  addition 
to  its  tensile  strength,  nor  to  the  case  mentioned  stA  No.  4  of 
packages  for  acid  to  be  closed  air-tight.  Hence  an  addition  of 
about  0*2  per  cent,  antimony  may  be  useful  in  the  case  of  apparatus 
which  is  only  in  contact  with  cold  acid ;  but  with  warm  acid  even 
this  percentage  is  to  be  avoided. 

For  very  high  temperatures,  e.  g.,  the  hottest  boiUng^down  pans, 
which  ought  not  to  be  heated  above  200°  C,  but  may  sometimes 
be  raised  to  that  point,  an  addition  of  O'l  to  0*2  per  cent,  copper  is 
advantageous,  while  antimony  should  be  avoided  here  under  all 
circumstances  (comp.  No.  6  b) .  That  percentage  of  copper  has  no 
action  at  200°,  but  only  above  220°;  and  in  the  presence  of 
bismuth  it  protects  the  lead  from  the  sudden  destruction  sometimes 
observed. 

9.  Technical ''  sulphuric  monohydrate ''  at  50°  C.  acts  far  more 
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strongly  on  lead  than  concentrated  sulphuric  add.  [The  ^*  mono- 
hydrate  "  employed  in  our  experiments  had  attracted  a  little  water 
and  tested  only  98*85  per  cent.  HjSO^:  its  action  upon  lead  was 
13^  times  that  of  ordinary  concentrated  acid  of  96*5  per  cent. 
H3SO4.  Fresh  monohydrate  of  99*5  or  99*75  per  cent,  would,  no 
doubt,  have  shown  even  more  action.] 

10.  Nordhausen  fuming  oil  of  vitriol  acts  upon  lead  much  more 
•strongly  than  ordinary  concentrated  acid.  When  it  contains 
20  per  cent,  free  SOj  it  has  32  times  the  effect  of  ordinary  acid; 
•stronger  Nordhausen  acid  rather  less  than  the  20  per  cent,  acid, 
because  a  protective  coat  of  lead  sulphate  is  formed.  At  all  events 
lead  must  not  be  brought  into  contact  with  Nordhausen  acid. 

11.  Nitric  add  of  spec.  grav.  1*37  to  1*42  may  be  bought  into 
<K)ntact  with  lead  at  the  ordinary  temperature,  but  no  acid  of  less 
strength.  Stronger  acid  than  the  above  acts  more  powerfully  upon 
lead^  but  no  more  than  concentrated  sulphuric  acid.  Mixtures  of 
concentrated  sulphuric  add  and  strong  nitric  acid  act  very  little 
indeed  upon  lead^  much  less  than  either  strong  sulphuric  acid  or 
strong  nitric  acid  by  themselves  :  such  mixture  can  be  treated  in 
lead  vessels  without  any  hesitation. 

12.  Mixtures  of  sulphuric  add  and  nitrosyl-sulphuric  add, 
partly  also  containing  nitric  add,  all  of  them  originally  containing 
O'l  per  cent.  N,  but  by  heating  to  65°  C.  brought  to  the  state  in 
which  they  can  really  exist  in  vitriol  chambers,  give  the  fol- 
lowing results  (entirely  agreeing  with  my  former  investigations, 
Vol.  I.  p.  145) : — If  a  little  nitric  acid  is  added  to  dilute  sulphuric 
acid^  and  the  mixture  is  heated,  a  little  HNOg  is  volatilized,  but 
no  nitrosyl-sulphuric  acid  is  formed  until  the  concentration  has 
reached  spec.  grav.  1*5.  From  this  point  oxygen  escapes,  and  at 
spec.  grav.  1*768  the  whole  of  the  HNOg  has  vanished,  SO5NH 
appearing  in  its  stead.  Inversely,  nitric  acid  is  formed  from 
nitrous  sulphuric  acid  on  diluting  it;  in  the  case  of  prolonged 
heating,  this  evidently  takes  place  not  by  splitting  up  into  HNOj 
and  NO,  but  by  absorption  of  oxygen  from  the  air. 

The  action  of  the  add  on  lead  is  least  just  about  the  lowest 
point  where  the  nitrosyl-sulphuric  acid  is  still  capable  of  existing. 
It  increases  with  its  dilution,  and  in  proportion  to  this,  evidently 
through  the  formation  of  nitric  acid,  equally  with  its  concen- 
tration, and  later  on  rapidly  so,  the  action  of  stronger  sulphuric 
acid  combining  with  that  of  nitrosyl-sulphuric  acid  and  nitric  acid. 
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The  minimum  action  is  between  spec.  grav.  1*5  and  1'6 — that  is,jiA9i 
at  thai  concentration  above  or  below  which  the  acid  ought  not  to  be- 
kept  in  vitrioUchambers.  This  proves  that  it  is  not  rational  to 
keep  the  acid  in  the  first  chamher  too  strong  (Vol.  I.  p.  454  etseq,) . 

Vol.  I.  pp.  164  and  898.  Methyl-orange  as  indicator. — It  is  true 
that  raethyl-orange  is  destroyed  by  nitrous  acid.  Nevertheless  it 
can  be  easily  employed  in  titrating  sulphuric  or  nitric  acid  con* 
taining  nitrous  acid  in  two  ways :  either  by  adding  the  indicator* 
shortly  before  the  saturation  is  completed  and  quickly  finishing* 
the  titration^  or  by  supersaturating  the  acid  with  caustic  soda  and 
retitrating  with  standard  acid. 

Nitrous  acid  acts  upon  methyl-orange  like  a  strong  mineral 
acid^  and  is  therefore  completely  saturated  before  the  pink  colour 
has  changed  to  yellow,  if  there  is  not  time  for  the  colouring-matter 
to  be  destroyed. 

Vol.  I.  p.  170.  Reactions  on  nitrogen  acids  in  Sulphuric  Acid. — 
As  I  have  shown  in  Zsch.  f.  angew.  Chem.  1894,  p.  345,  the 
diphenylamine  reaction  is  best  employed  in  the  following  manner : 
0'5  gram  white  diphenylamine  is  dissolved  in  100  c.  c.  pure  strong 
sulphuric  acid,  adding  20  c.  c.  water ;  the  heat  assists  in  dissolving 
the  substance,  and  the  reagent  keeps  in  well-stoppered  bottles  a 
long  time  without  turning  brown.  When  testing  for  nitrogen 
acids,  pour  a  few  c.  c.  of  the  specifically  heavier  liquid  into  a  test- 
tube,  and  carefully  pour  the  specifically  lighter  liquid  on  the  top, 
so  that  the  layers  only  gradually  mix.  The  presence  of  as  little 
as  -^  milligram  nitrogen  in  the  shape  of  nitrogen  acids  per  litre 
is  indicated  by  a  blue  ring  forming  at  the  surface  of  contact  of 
both  liquids,  most  easily  perceived  by  holding  the  glass  sideways 
against  a  white  background.  Both  nitric  and  nitrous  acid  are 
indicated  in  this  way. 

Contrary  to  the  opinion  formerly  held,  I  have  shown  that 
brucine  indicates  only  nitric  acid,  which  can  thus  be  proved  to 
exist  in  the  presence  of  nitrous  acid.  It  is,  however,  necessary 
to  have  a  great  excess  of  sulphuric  acid.  The  reagent  is  best 
prepared  by  dissolving  0*2  gram  brucine  in  100  c.  c.  pure  strong 
sulphuric  acid.  1  c.  c.  is  added  to  50  c.  c.  of  the  liquid  to  be 
tested,  of  which  at  least  three-fourths  must  consist  of  strong 
sulphuric  acid.  If  as  little  as  y^  milligram  nitrogen  is  present  in 
the  shape  of  nitric  acid,  a  pink  colour  is  produced,  which  gradually 
passes  through  orange  into  yellow,  more  quickly  when  heating. 
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I  have  showily  loc.  cit.,  how  this  can  be  utilized  for  colorimetrically 
estimating  yery  slight  quantities  of  nitric  acid.  Selenium  has  no 
action  on  brucine;  somewhat  larger  quantities  of  ferric  salts  render 
the  reagent  less  sensitive. 

Vol.  I.  p.  177.  Colorimetric  estimation  of  slight  quantities  of 
Nitrous  Acid, — As  I  have  shown  in  Zsch.  f.  angew.  Ch.  1894, 
p.  348,  this  can  be  performed  by  Oriess's  reagent,  as  modified 
by  myself  and  prepared  as  follows  : — 0*1  gram  white  a-naphthyl- 
amine  is  dissolved  by  boiling  in  100  c.  c.  water  for  a  quarter  of  an 
hour;  then  5  c.  c.  glacial  acetic  acid  (or  its  equivalent  in  ordinary 
acetic  acid),  and  a  solution  of  1  gram  sulphanilic  acid  in  100  c.  c. 
water  are  added.  The  solution  is  kept  in  a  well-stoppered  bottle ; 
if  it  turns  pink  it  is  decolorized  by  shaking  with  zinc-dust  and 
filtering.  A  very  slight  colour  does  not  interfere  with  its  use,  as 
only  1  c.  c.  is  employed  for  50  c.  c.  of  the  solution  to  be  tested. 
1  c.  c.  of  the  reagent  indicates  yifoo  ii^iHigK^^  nitrite-nitrogen  in 
100  c.  c.  water  by  turning  the  water  pink  in  10  minutes.  Strong 
mineral  acids  retard  or  stop  the  reaction,  but  this  can  be  remedied 
by  adding  a  large  excess  of  pure  sodium  acetate. 

For  quantitative  use  I  prepare  a  standard  solution  as  follows: — 
0*0193  gram  pure  sodium  nitrite,  containing  0*010  gram  nitrogen, 
is  dissolved  in  100  c:  c.  water,  and  10  c.  c.  of  this  solution  is 
mixed  with  90  c.  c.  pure  sulphuric  acid ;  the  resulting  mixture 
contains  ^\^  milligram  of  nitrite-nitrogen  in  a  perfectly  stable 
form.  Two  colorimeter  cylinders  are  charged  as  follows : — ^Each  of 
them  receives  1  c.  c.  of  the  Griess-Lunge  reagent,  40  c.  c.  of  water, 
and  about  5  grams  of  solid  sodium  acetate.  To  one  of  these  is 
added  1  c.  c.  of  the  standai*d  solution,  to  the  other  1  c.  c.  of  the 
acid  to  be  tested.  The  contents  of  each  cylinder  are  at  once 
thoroughly  mixed,  and  after  5  or  10  minutes  the  colours  are 
compared.  If  they  are  not  equal,  the  more  strongly  coloured 
liquid  is  diluted  up  to  the  point  where  layers  of  equal  thickness 
show  the  same  depth  of  colour  in  both  solutions,  and  the  per-centage 
x)f  nitrite-nitrogen  is  calculated  from  the  amount  of  dilution. 

Vol.  I.  p.  205.  Brimstone-bumers, — Fish  (Engl.  pat.  7757, 
1891)  provides  the  burner  with  a  bed  inclined  to  one  side,  so  that 
the  sulphur  is  gradually  moved  forward  to  that  side,  and  the  ashes 
42an  be  raked  out  of  a  receptacle  provided  for  the  purpose. 

Vol.  I.  p.  220.  Grate-bars  for  pyrites-burners, — Dr.  Burgemeister 
^private  communication)  employs  bars  made  of  a  cruciform  section. 

VOL.  III.  8  D 
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When  turning  these  rounds  the  smaller  pieces  easily  fall  through  ; 
the  larjjer  lumps  get  between  the  bars  and  either  pass  through  oa 
turning  back  or  are  crushed.  The  following  diagram  shows  the 
different  positions  of  the  bars : 

+  +  +  + 

X     X     X     X 

Vol.  I.  p.  229.      Burners  for  roasting  copper-matte. — Haege 
(Berg-  u.  Hiittenm.  Zeit.  1893,  p.  383)  describes  the  process  in- 
troducedby  him  at  Britonferry,  near  Swansea.     The  copper-matte 
produced  there  could  not  be  roasted  in  Mansfeld  kilns,  nor  ia 
ordinary  pyrites-burners.     The  desired  result  was  obtained  by 
increasing  the  heat,  in  the  first  instance  by  a  suitable  treatment  of 
the  matte,  and  in  addition  to  this  by  improving  the  construction 
of  the  burners.     The  matte  was  rendered  porous  by  tapping  it  on 
to  a  sand-bed  slightly  moistened  and  dusted  over  with  fine  coaL 
It  was  then  crushed  by  a  Blake's  stone-breaker,  in  which  one  of 
the  corrugated  faces  had  been  substituted  for  a  smooth  one,  so 
that  flat,  more  tightly  lying  pieces  were  obtained,  which  were 
separated  from  the  smalls  by  a  riddle  with  meshes  of  f  inch  width. 
The  burners  are  of  the  ordinary  shape  of  English  pyrites-burners, 
described  in  the  text  of  this  book,  but  of  slightly  different  dimen- 
sions : — Grate  surface  4  ft.  3  in.  by  4  ft.  4  in.;  area  at  the  level  of 
the  upper  working-surface  6  ft.  by  4  ft.  9  in. ;  height  from  grate- 
bars  to  the  upper  working-surface  2  ft.,  to  spring  of  the  arch  3  ft^ 
4  in.,  to  the  crown  of  the  arch  3  ft.  8  in.;  smoke-flue  at  the  lowest 
point  6  in.,  at  the  highest  1  ft.  4  in. ;  total  outside  height  7  ft.  10  in. 
The  heating-up  takes  place  from  the  top,  exactly  as  described  in  the       . 
text;  the  burners  are  ready  for  work  in  two  or  three  days.    Each       ] 
burner  then  receives  a  charge  of  from  6  to  7^  cwt.  of  crude  matte 
every  12  hours.  After  three  hours  everything  becomes  red  hot,  after 
six  hours  a  bright  cherry-red  heat  is  attained.     Now  the  interior  of 
the  burner  is  worked  up  through  the  middle  door  by  means  of  a 
steel  poker,  2^  in.  thick,  pointed  at  one  end;  any  lumps  formed  are 
broken  up ;  and  this  working  over  is  continued  through  the  upper 
door.     After  another  two  or  four  hours  the  heat  is  at  its  maximum ; 
the  upper  working-door  is  now  mostly  at  a  dark-red  heat.     Then 
the  heat  decreases;  llj^  hours  after  charging  the  grate-bars  are 
turned  and  shaken,  in  order  to  remove  the  roasted  matte,  and 
after  12  hours  a  new  charge  is  made.     There  is  no  picking  out  and 
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recharging  of  imperfectly  roasted  matte^  since  everything  is  well 
finished.  The  draught  must  be  well  regulated ;  there  should  be  a 
slight  plus-pressure  within  the  burner.  In  this  way  mattes  con- 
taining from  20  to  47  per  cent,  copper  are  treated.  The  poorer 
matte  yields  rather  hotter  and  richer  gas  and  more  sulphuric  acid 
than  the  richer.  With  20-per-cent.  matte  the  roasted  product 
contains  9  per  cent,  sulphur,  with  rich  matte  it  contains  11  per 
cent,  sulphur ;  both  are  at  once  ready  for  the  concentrating  work. 
From  40  per  cent,  matte  about  47  or  48  per  cent,  of  the  weight  of 
roasted  matte  is  obtained  in  the  shape  of  chamber  acid  of  110^  Tw., 
with  consumption  of  0*8  to  1*0  nitre  per  cent,  of  chamber  acid. 
The  gases  are  hot  enough  to  thoroughly  decompose  the  mixture  of 
nitre  and  sulphuric  acid  in  the  nitre-oven  and  to  denitrate  the 
acid  in  the  Glover  tower ;  the  acid  flows  from  this  with  a  tem- 
perature of  140°  to  155°  C. 

Vol.  I.  p.  260.  MacDougalVs  mechanical  pyrites-burners  have 
b«en  further  improved  by  pat.  No.  22504^  1891.  The  central 
sliaft  is  now  made  in  several  lengths,  coupled  together  by  widening 
one  end  of  the  shaft  to  form  a  square  socket,  and  fitting  into  thia 
the  square  end  of  the  other  shaft,  the  two  secured  by  a  square  key 
wedged  between  socket  and  square  end ;  a  tight-fitting  spring-clip 
protects  the  coupling  from  the  action  of  the  burner-gas.  The 
furnace  rings  are  joined  together  by  half  check-joints  secured  by 
set  pans  and  rust  jointing ;  the  ends  of  the  pins  are  not  exposed  to 
the  corrosive  fumes. 

Other  mechanical  burners, — As  stated  in  Zsch.  f.  angew.  Ch. 
1894,  p.  134,  I  have  met  with  several  Spence  furnaces  at  work  in 
America,  but  they  did  not  give  general  satisfaction.  A  Johnson 
furnace  was  commended  as  superior.  Excellent  results  have  been 
obtained  with  the  mechanical  furnace  of  H.  Frascb,  described 
eod.  loco,  p.  15,  which  is  very  similar  to  MacDougalPs,  but  is 
provided  with  internal  water-cooling  of  the  shaft  and  agitating- 
arms,  and  thus  avoids  the  ordinary  drawbacks  of  such  mechanical 
furnaces. 

Vol.  I.  p.  275.  Roasting  of  zinc-blende.— Figs.  227  to  230  show 
a  blende-roasting  furnace,  as  constructed  at  the  Rhenania  Chemical 
Works  at  Stolberg,  which  have  been  found  to  perform  the  work  in 
excellent  style.  These  furnaces  require  two  men  per  shift,  and 
roast  about  4  tons  blende  per  24  hours,  with  a  consumption  of 
16  cwt.  of  coal.    The  temperature  of  the  top  muffle  is  580°  to  690°, 
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that  of  the   following  muffles  750"*  to  900°.     The  progress   of 
roasting  is  shown  by  the  following  percentages  of  sulphur  : — 

Raw  ore 19-2  268  266 

End  of  first  muffle    176  191    to  21-9  15-9   to  21*4 

„     second  „       12*0  11-2     „  143  9*9    „  12-4 

„     third      „       3-4  1*02  „     1-48  0-75  „     1*06 

„     roasting    0*6  0*35  „     1*02             — 

In  the  case  of  richer  ores  the  second  muffle  does  not  require 
heating ;  the  fire-gases  may  be  conducted  below  the  third  muffle 
without  a  partition,  and  then  at  once  over  the  second  roasting-bed. 
Jahne  (Zsch.  f.  angew.  Cb.  1894,  p.  305)  describes  some  ex- 
periments made  with  these  furnaces.      They  are  greatly  improved 
by   arranging  a  partition   cutting  vertically   through   all  three 
muffles  and  thus  dividing  the  furnace  into  two  parts,  without  any 
change  in  the  firing.     This  admits  of  roasting  30  per  cent,  more 
ore  down  to  the  same  percentage  of  sulphur  and  saves  labour.     It 
is  best  to  build  two  furnaces  back  to  back.      On  the  top  beds  the 
ore  is  spread  in  layers  twice  as  thick  as  on  the  bottom  beds,  leaving 
small  gaps  between  the  charges,  to  prevent  their  getting  mixed. 
It  takes  three  or  four  days  before  a  batch  charged  at  the  top 
is  discharged  at  the  bottom.     The  raking  over  and  moving  on  of 
the  batches,  following  upon  the  discharging  of  a  finished  batch, 
requires  4  hours.     The  most  careful  work  must  be  bestowed  upon 
the  finishing  of  the  batches  in  the  hottest  place;  this  lasts  at 
best   1^  hours,  usually  3  to  4  hours,  sometimes  7  to  8  hours. 
Tests   are  made  by  adding  hydrochloric   acid  to  a  sample,  and 
looking  for  any  evolution  of  HgS.     The  sulphur  can  be  brought 
down  to  Ovl  or  0*2  per  cent.;  it  ought  never  to  exceed  1  per  cent., 
except  in  the  case  of  blendes  containing  limestone,  which  may 
retain  2  or  3  per  cent.  S  in  the  shape  of  calcium  sulphate.     In 
regular  work  a  charge  of  9  to  1 2  cwt.  roasted  ore  is  drawn  every 
6  hours.     100  parts  of  raw  blende  average  85  of  roasted  ore,  and 
require  25  or  26  parts  of  good  coal.     The  furnaces  are  provided 
with  large  dust-chambers,  which  must  be  cleaned  every  few  weeks. 
The  dust  consists  mainly  of  zinc  sulphate  and  calcium  sulphate. 
Lead  oxide  is  carried  farthest,  even  through  the  ten  cylinders  of  a 
Hargreaves  plant  connected  with  the  furnace  at  Stolberg,  right 
into  the  earthenware  receivers  of  the  acid-condensing  plant.     If 
the  blende  contains  mercury,  that  metal  is  found  in  the  mud  of 
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the  vitriol-chambers  connected  with  blende-furnaces^  and  can  be 
recovered  from  it  by  distillation. 

Bemelmans  (Germ.  pat.  7677b)  describes  a  furnace  for  roasting 
both  pyrites  and  blende  in  separate  compartments ;  the  sulphur 
vapour  obtained  from  pyrites,  sometimes  by  addition  of  coal,  is 
utilized  for  removing  from  the  blende  (which  must  not  be  mixed 
with  coal)  arsenic,  antimony,  and  phosphorus  in  the  shape  of 
volatile  sulphides. 

Jensch  (Zsch.  f.  angew.  Chem.  1894,  p.  50)  shows  by  analyses 
that  the  sulphur  in  roasted  lende  is  mostly  contained  therein  in 
the  shape  of  ferrous  sulphide  ;  when  roasting  down  to  2  per  cent.  S, 
no  ZnS  is  present,  and  it  is  therefore  quite  unnecessary  to  drive 
the  roasting  down  to  0*5  per  cent.  S,  as  is  sometimes  demanded. 

Vol.  I.  p.  280  and  p.  310.  Production  of  Sulphur  Dioxide  for 
manvfacturing  Calcium  DistUphate  {in  the  manufacture  of  wood^ 
pulp,  §-c,). — In  this  case  the  conditions  are  very  different  from 
those  mentioned  in  the  text.  There  is  no  question  of  having  to 
provide  the  oxygen  for  forming  HjSO^  from  SOj  and  the  excess 
of  oxygen  practically  necessary  in  the  lead  chambers ;  and  the 
formation  of  SO3  in  the  burners  should  be  avoided  as  much  as 
possible.  The  operation  should  be  conducted  so  as  to  exceed  as 
little  as  possible  the  amount  of  oxygen  demanded  by  the  equation : 
2FeS2  +  110=FejO,  +  4S08,  which  corresponds  to  a  theoretical 
maximum  of  16  per  cent.  SOj  by  volume  in  the  burner-gas. 
Practically,  however,  11  percent,  should  not  be  exceeded,  because 
otherwise  the  burners  get  too  hot,  which  causes  the  sublimation 
of  sulphur  and  the  formation  of  scoria  in  the  burners.  The 
pyrites  should  be  broken  into  pieces  of  not  more  than  1^  inches 
diameter,  and  all  below  ^  inch  diameter  must  be  sifted  off.  For 
lump  ore  the  ordinary  kilns  are  used,  as  described  in  the  text. 
There  is  no  advantage  in  employing  pyrites  smalls,  as  they  cannot 
be  burned  without  admitting  more  air  than  is  suitable  for  the 
purpose  in  question. 

Vol.  I.  p.  280.  Condensation  of  acids  from  smoke-gases,  ^c, — 
Egestorff's  Salzwerke  (Germ.  pat.  70396)  arrange  in  the  smoke- 
flue  several  chambers  in  series,  with  inclined  bottoms  connected 
with  collecting- wells ;  in  these  the  gaseous  current  meets  with  an 
alkaline  absorbing-liquid,  converted  into  spray  by  a  steam-jet,  and 
subsequently  again  pumped  up  and  used  as  a  spray. 
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B^melmans  (Germ.  pat.  77335)  converts  the  SO2  by  reduction 
with  carbon  and  hydrogen  into  H^S,  dries  this  by  the  process  to 
be  described  below,  mixes  it  with  dry  SO29  and  converts  them  into 
H,0  and  SO3. 

Vol.  I.  p.  285.    Rossler' 8  process  for  Jbrming  Cupric  Sulphate 
from  copper,  air,  and  sulphur  dioxide   {in  smoke-gases), — Priese 
(Chem.  Ind.  1895,  p.  137)  has  made  a  long  series  of  experiments 
with  this  process,  with  totally  negative  result.     No  oxidation  of 
SOj  with  air  to  SO3  by  the  catalytic  action  of  CUSO4  could   be 
proved.     SOj  reduces  a  hot  solution  of  CUSO4,  with  intermediary 
formation  of  cupric  sulphite,  to  metallic  copper.     A  smooth  and 
easy  oxidation  of  the  cupric  sulphite  to  sulphate  does  not  take 
place.     Hence  this  process  would  be  useless  for  the  production  of 
cupric  sulphate,  and  still  more  so  for  that  of  sulphuric  acid.     [The 
latter  has  been   already  alluded  to  in  Vol.  I.  p.  877 :  but  the 
manufacture  of  cupric  sulphate  by  that  process  seems  to  be  proved 
practicable  by  experience  on  the  large  scale.] 

Vol.  I.  p.  295.  Carriage  of  liquid  Sulphur  Dioxide. — Boake  and 
Roberts  (Engl.  pat.  19789,  1892)  find  that  liquid  SO^  does  not 
act  on  tin  or  soft  solder,  and  that  therefore  these  can  be  employed 
in  the  manufacture  of  carrying-vessels. 

Soy  (Engl.  pat.  12276,  1893)  patents  the  process  of  sending 
out  liquid  SOj  in  glass  vessels  sealed  by  the  blowpipe,  to  be  broken 
by  a  hammer  in  the  rooms  to  be  disinfected. 

Vol.  I.  p.  300.  DusUchambers  for  acid-smoke  at  the  Freiberg 
works. — Bauer  (Jahrb.  f.  Berg-  u.  Hiittenm.  1894,  p.  39)  states 
that  the  nine  sets  of  chambers  connected  with  the  Freiberg 
smelting-works  (containing  30  lead  chambers)  possess  8037 
metres  of  flues,  of  3*8  square  metres  section.  The  flue-dust  in 
1893  contained  1137  kil.  silver,  1656  tons  lead,  and  917  tons 
arsenic,  of  a  value  of  £13,600.  Eighty  per  cent,  of  the  dust  is 
recovered,  20  per  cent,  has  hitherto  been  lost.  The  damages  to  be 
paid  have  diminished  from  j£3050  to  £180.  At  present  new  flues 
on  the  Monier-Freudenberg  system  are  built  for  recovering  the 
last  20  per  cent,  of  dust.  The  rate  of  cooling  of  the  gases  is  1°  C. 
per  8*3  metres  length  in  closed-in  Monier  flues,  per  4*5  metres  in 
freely  exposed  Monier  flues,  per  3  metres  in  leaden  flues,  and  per 
6  metres  in  brick  flues. 

Vol.  I.  p.  343.  Iron  lead-chamber  frames, — I  found  these  to 
be  constructed  in  the  following  manner  at  a  factory  where  they 
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answered  veiy  well.  The  side-frames  consist  of  thin  angle- 
irons,  crossing  each  other  at  right  angles,  the  uprights  9  ft. 
€  in.  and  the  horizontals  7  feet  distant  from  each  other.  No 
iron  nails  are  employed  at  all ;  the  lead  straps  are  simply  bent 
Tound  the  angle-irons.  The  roof  is  suspended  from  angle-irons 
in  exactly  the  same  way. 

Vol.  I.  p.  365.  Dividing  vitriol-chambers  into  sets  of  several 
-chambers. — In  America  (Zsch.  f.  angew.  Chem.  1894,  p.  183)  I 
found  at  one  place  a  set  of  12  chambers  of  equal  size,  each  24  feet 
longy  which,  it  was  asserted,  combined  very  good  yield  with  small 
•consumption  of  nitre.  At  another  place  they  had  three  chambers^ 
60,  50,  and  40  feet  in  length,  with  plate-columns  between. 

Vol.  I.  p.  375.  Electrically  produced  os^ygen  for  feeding  vitriol^ 
/?AamAcr*.  — Scheurer-Kestner  (Bull.  Soc.  Ind.  Mulh.  1890,  p.  276) 
'Calculates  the  cost  of  490  kil.  oxygen,  corresponding  to  a  metrical 
ton  of  sulphuric  acid,  at  176  frs.=  £7,  which  of  course  renders 
i;he  employment  of  such  oxygen  entirely  out  of  the  question. 

Vol.  I.  p.  375.  Proposals  for  diminishing  the  chamber-space, — 
IHacker  and  Gilchrist  (Engl,  patent  15895,  1893)  employ  the 
-same  principle  as  I  have  adopted  in  my  '^  plate-columns,^'  to 
which  they  expressly  refer.  Instead  of  my  geometrically  con- 
structed stoneware  plates  for  dividing  the  gases,  the  liquid  acid, 
And  the  acid  vapour,  they  employ  a  number  of  horizontal  lead 
itubes,  running  from  one  side  of  the  tower  to  the  other  and  alter- 
nating in  position.  These  towers,  which  they  call  '*  pipe-towers,*' 
Are  fed  with  water  or  sulphuric  acid ;  cold  air  is  drawn  or  blown 
through  the  pipes.  A  paper  in  Journ.  Soc.  Chem.  Ind.  1894, 
p.  1142,  contains  a  detailed  description  of  this  system,  in  discussing 
<which  several  speakers  threw  much  doubt  upon  the  eflSdency  of 
tthis  system  [a  very  imperfect  imitation  of  the ''  plate-columns '' !]. 

Walter  and  Boeing  (Germ.  pat.  71908)  attempt  the  diminution 
•of  the  chamber-space  by  hollow  partitions,  made  of  acid-proof 
material,  arranged  across  the  whole  width  of  the  chambers.  Double 
walls  are  constructed  of  such  a  form  that  the  principal  gaseous 
.current  enters  through  large  holes  near  the  bottom,  rises  upwards 
in  the  space  between  the  walls  and  issues  at  the  top ;  at  the  same 
time  the  gases  are  allowed  to  penetrate  into  the  inner  space  by 
numerous  small  openings,  and  to  issue  in  the  same  way  on  the 
other  side,  so  as  to  produce  a  good  mixture,      fiuttr^s^s  SLui 
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binders  produce  6u£Scient  stability  without  interfering  with  the 
draughty  which  is  also  procured  by  making  the  sectional  area 
of  the  openingB  and  joints  much  larger  than  that  of  ordinary 
connecting-pipes.  [This  system  aims  at  attaining  the  same  object 
as  plate-columns  in  a  simpler  way  and  without  interfering  with  the 
draught.  But^  in  consequence  of  the  many  outlets  offered  to 
the  gases^  it  is  doubtful  whether  they  will  travel  exactly  in  the 
desired  path.  The  stability  of  such  inner  walls,  even  when  made 
of  the  best  material,  is  very  doubtfiil  indeed,  and  a  collapse  would 
produce  most  disastrous  results.] 

Brulfer  (French  pat.  220402)  also  employs  hollow  brick  par- 
titions within  the  chambers ;  he  adds  dividing  apparatus,  made  of 
lead  tubes  with  air-cooling,  fixed  behind  each  partition.  When 
the  gases  have  passed  through  a  cooled  divider,  they  again  pass 
through  a  hollow  brick  divider. 

fienker  (French  pat.  238872)  places  between  the  chambers 
leaden  towers,  5  feet  wide  and  20  or  25  feet  high,  filled  with 
earthenware  cylinders  4  inches  wide  and  3  to  4  inches  high.  They 
are  fed  with  nitrous  vitriol  from  the  Oay-Lussac  towers  at  the  top^ 
and  with  a  steam-jet  at  the  bottom.  The  strength  of  the  out* 
flowing  acid  is  maintained  between  112° and  123°  Tw.;  it  is  kept  a 
little  nitrous,  to  avoid  the  reduction  going  too  far.  Such  a  tower 
is  placed  behind  the  first  chamber,  which  is  made  large  enough  to* 
consume  all  the  steam  coming  from  the  Glover  tower ;  another 
tower  is  placed  between  the  second  and  third  chamber. 

Dr.  Burgemeister  (private  communication)  proposes  arranging 
a  number  of  lead  pipes,  15  to  18  inches  wide,  vertically  between 
top  and  bottom  of  the  first  chamber,  and  cooling  these  by  air 
passed  through.  [This  plan  will  hardly  be  practicable,  as  the 
immense  extension  of  joints,  especially  at  the  bottom,  will  cause 
too  many  interruptions  for  repairs.] 

Pratt  (Engl.  pat.  4856,  1895)  places  a  fan  or  steam-injector 
in  front  of  the  chamber,  and  a  tower,  fed  with  weak  sulphuric 
acid,  at  the  end  of  the  chamber,  the  gases  issuing  from  the 
top  of  this  tower  being  re-injected  into  the  chamber  by  means 
of  the  fan.  Baffling  columns  mav  also  be  placed  within  the 
chamber. 

Vol.  I.  p.  381.  Diminution  of  chamber-space  by  the  application 
of  Lunge  and  Rohrmann^s  plate-towers. — In  Zsch.  £.  angew.  Chem. 
1895,  p.  407,  P.  W.  Hofmanu  mentions  an  experiment  made  in 
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that  direction  which  failed  because  the  holes  in  the  plates,  8  mill, 
bore^  became  filled  with  liquid  and  thus  stopped  the  draught. 
Lunge  (ibid.  p.  409)  completely  refutes  this  objection,  mentioning 
that  already  about  200  plate-towers  are  at  work,  most  of  them 
with  even  smaller  holes^  and  a  large  number  with  8  mill,  holes, 
in  sulphuric-acid  works.  These  works  have  been  very  successful, 
as  was  authentically  proved  by  interrogatories  filled  up  by  the 
respective  firms,  produced  at  the  meeting  in  question.  These 
documents  also  prove  that,  if  the  section  of  the  tower  is  sufficiently 
large,  no  trouble  is  caused  by  draught  of  the  kind  mentioned  by 
Hoimann. 

The  part  played  by  the  Lunge-Rohrmann  plate-towers  in  the 
manufacture  of  Sulphuric  Acid  is  discussed  at  length  by  Nieden- 
fiihr,  in  '  Chem.  Zeit.^  1896,  p.  31.  I  give  a  short  abstract  from 
his  paper : — The  plate-towers  are  not  very  well  adapted  for 
replacing  the  whole  of  the  ordinary  vitriol-chambers ;  the  first 
part  of  the  process  is  always  best  carried  out  in  a  single  lead* 
chamber,  as  here  the  gases  are  still  sufficiently  concentrated  to 
react  upon  each  other.  [In  this  view,  as  well  as  in  all  other 
essential  points  of  Niedenfiihr^s  paper,  I  fully  concur.]  Here 
also  the  flue-dust  and  the  excessive  rise  of  temperature  would  act 
injuriously.  Hence  it  is  not  advantageous  to  place  a  Lunge  tower 
between  the  Olover  tower  and  the  first  chamber,  but  it  should  be 
placed  in  the  central  or  back  part  of  the  set  of  chambers.  Even 
then  the  results  obtained  with  these  towers  do  and  must  differ 
at  difierent  works,  according  to  circumstances,  viz.,  the  available 
chamber-space,  the  draught,  the  size  of  the  burners  and  of  the 
connecting-pipes,  of  the  Gay-Lussac  tower,  and  so  forth.  In 
some  cases  the  working  capability  of  the  tower  is  partly  taken  up 
for  correcting  some  fault  in  the  set  of  chambers  to  which  it  has 
been  applied.  Niedenfiihr  quotes  the  following  special  instances 
of  the  work  done  by  Lunge  towers,  as  personally  observed  by  him 
in  the  cases  stated. 

In  one  case,  a  Lunge  tower  was  placed  between  the  two  chambers 
of  a  sety  which  were  of  equal  size ;  the  total  length  of  the  set  was 
193  ft.  6  in.  audits  contents =94,640  cubic  feet.  The  quantity  of 
Sicilian  sulphur  burnt  previously  did  not  exceed  30  cwt.  per24hours, 
but  after  putting  up  the  tower  it  could  be  raised  to  46  cwt.,  evi- 
dently because  the  time  and  the  length  of  the  path  of  the  gases  had 
been  thereby  increased  to  such  an  extent  that  the  set  could  be 
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worked  with  stronger  draughty  and  more  sulphur  could  be  burnt 
accordingly.  In  another  case  (4  chambers^  total  capacity  38^150 
cubic  feet,  length  78  ft.  6  in.)  the  production  could  be  increased 
from  15  to  18  cwt.  of  Sicilian  sulphur  per  day.  This  means  that 
some  improvement  had  been  effected,  but  principally  in  this  re- 
spect, that  the  previously  observed  fault,  viz.  the  carrying  forward 
of  the  process  into  the  Gay-Lussac,  was  now  avoided.  In  a  similar 
case,  the  production  rose  from  16  to  19  cwt.  of  sulphur ;  in  both 
cases  less  nitre  was  consumed  than  previously.  The  towers  thus 
spent  part  of  their  efficiency  in  correcting  the  faults  of  the  old 
plant,  and  this  in  many  cases  would  be  a  very  desirable  object,  but 
the  quantitative  results  thus  obtained  do  not  represent  the  whole  of 
the  working  capacity  of  the  towers,  whi6h  in  some  more  favourable 
cases  has  admitted  of  increasing  the  production  by  45  per  cent. 
Nearly  in  every  case  observed  by  Niedenfiihr,  this  capacity  of 
the  towers  had  not  been  exhausted,  for  the  chamber  following  upon 
the  towers  had  hardly  any  more  work  to  do ;  more  work  could 
have  been  done  by  increasing  the  number  of  the  burners,  by 
enlarging  the  connecting-pipes,  or  by  other  suitable  measures. 
The  very  low  temperature  of  the  back-chambers  in  this  case, 
however,  is  useful  in  condensing  part  of  the  nitrous  gases  and 
lightening  the  work  of  the  Gay-Lussac  tower.  Formerly  the 
acid  from  the  Lunge  towers  was  sometimes  too  nitrous,  but 
this  drawback  has  been  avoided  by  feeding  the  towers  with  acid 
of  from  38°  to  42°  Be.  (spec.  grav.  1-357  to  1-410). 

The  Lunge  tower  cannot  be  simply  substituted  for  a  Glover 
tower,  as  the  holes  of  the  plates  would  be  too  quickly  stopped  up 
by  flue-dust,  and  in  washing  this  down  they  would  easily  crack. 
Niedenfiihr,  however,  recommends  placing  a  few  tiers  of  plates 
with  ^-inch  holes  in  the  upper  part  of  the  tower.  He  quotes  a  case 
where  a  Lunge  tower  was  found  specially  useful  in  completely 
denitrating  chamber-acid  required  to  be  entirely  free  from  nitrogen 
compounds.  [Comp.  another  case  of  special  u>efulness,  infra^ 
p.  785.] 

Especially  good  results  have  been  obtained  in  a  number  of 
cases,  personally  observed  by  Niedenfiihr,  where  plate-towers  were 
employed  as  auxiliaries  to  Gay-Lussac  towers.  They  act  not 
merely  in  promoting  the  absorption  of  the  nitrous  gases,  but  also 
in  rendering  the  chamber-work  much  more  regular,  especially  in 
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places  where  the  chambers  are  subjected  to  sudden  changes  of 
weather,  gales,  &c.  * 

Although  all  the  data  for  planning  a  sulphuric-acid  plant  are 
not  yet  known,  including  the  employment  of  plate-towers,  with 
absolute  certainty  as  to  the  quantitative  results,  yet  Niedenfiihr 
believes  that  the  following  plan  is  most  likely  to  answer  its 
purpose.  Instead  of  an  ordinary  lead- chamber  plant,  of  a 
capacity  of  106,000  cubic  feet,  the  following  apparatus  should 
be  employed : — The  gases  coming  from  the  Glover  tower  pass 
through  a  pipe  3  ft.  wide  into  the  first  chamber,  23  ft.  wide, 
20  ft.  high,  40  ft.  long,  where  the  first  and  most  intense  reaction 
takes  place.  They  issue  through  a  2  ft.  6  in.  pipe  into  a  plate- 
tower,  consisting  of  10  or  12  layers  of  12  plates  each  ;  from  here 
they  pass  into  the  second  chamber,  16^  X  20  x  23  ft. ;  from  this  by 
a  pipe  of  2  ft.  4^  in.  diameter  into  a  second  plate-tower,  consisting 
of  16  layers  of  9  or  10  plates.  They  now  travel  through  a  2  ft. 
3  in.  pipe  into  the  third  chamber,  of  the  same  size  as  the  first. 
They  are  then  carried  through  a  long  pipe  (say  80  ft.)  of  2  ft. 
1^  in.  diameter  into  a  plate- tower,  consisting  of  18  or  20  layers  of 
8  or  9  plates  each,  which  serves  as  first  Gay-Lussac  tower,  and  is 
followed  by  an  ordinary  coke-filled  Gay-Lussac,  26  ft.  high.  The 
dimensions  of  pipes  and  towers  have  been  chosen  so  as  to  produce 
a  uniform  velocity  in  the  pipes  and  a  retardation  of  draught  in  the 
plate-columns.  If  the  final  draught  is  not  sufficient,  the  .exit- 
pipe  from  the  Gay-Lussac  may  be  provided  with  a  Korting's 
antimony-lead  blast. 

Vol.  I.  p.  404.  Nitre-ovens.— Rice  (Engl.  pat.  16757,  1892) 
takes  out  a  patent  for  an  arrangement  observed  in  some  places  as  a 
matter  of  course  for  many  years  past,  viz.  putting  the  nitre-oven 
between  the  burners  and  the  Glover  tower  in  such  manner  that, 
by  means  of  valves,  the  burner-gas  can  be  made  to  travel  either 
through  the  oven  or  directly  into  the  chambers. 

Vol.  I.  p.  410.  Injector  for  Nitric  Add, — Dr.  Burgemeister 
{private  communication)  employs  a  platinum  nozzle  {not  soldered 
with  gold !)  and  a  steam-jet  placed  just  below,  the  latter  consisting 
•of  a  platinum  nozzle,  about  ^  wide,  inside  the  chamber,  continued 
outside  into  a  copper  tube.  Both  tubes  pass  through  a  lead  pipe 
burnt  into  the  chamber  side,  and  are  cemented  in  this  with 
glycerine-lead  cement. 
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From  other  sources  I  hear  that  glass  nozzles  are  preferable  in  all 
cases^  more  especially  also  for  the  water-spray  producers  replacing 
steam-jets  (Vol.  I.  p.  421  and  p.  424)^  as  all  platinum-jets  become 
gradually  widened  by  the  jet  of  water. 

Vol.  I.  p.  425.  Artificial  promotion  of  draught  in  the  vitriol- 
chambers, — I  have  described  in  the  text  the  various  drawbacks- 
connected  with  the  application  of  injectors  for  this  object ;  I  have 
indeed  not  found  such  apparatus  in  the  works  I  have  visited  during^ 
the  last  few  years.  But  several  works  have  adopted  the  plan, 
originally  followed  at  Freiberg,  of  promoting  the  draught  by  fan» 
made  of  lead  alloyed  with  antimony^  or  wood  covered  with  lead, 
fixed  on  iron  axles^  running  in  somewhat  tightly  fitting  lead 
journals  without  stuffing-boxes.  Such  fans  are  arranged  either 
between  the  Glover  tower  and  the  first  chamber,  or  between  the 
last  chamber  and  the  Gay-Lussac  tower^  or  in  both  places.  These 
fans  are  worked  at  a  trifling  expense,  most  conveniently  by  electro- 
motors, which  avoid  the  necessity  of  shafting  and  gearing;  and 
this  process  should  be  more  frequently  employed,  not  merely  in 
such  extreme  cases  as  at  the  Freiberg  works,  where  the  gases  must 
travel  through  flues  of  330  feet  length,  but  in  ordinary  chambers, 
which  are  thus  made  independent  of  accidental  variations  of  pres- 
sure, of  low  chimneys,  &c. 

Falding  has  applied  such  artificial  draught  for  making  sulphurie 
acid  in  plate-columns  alone,  without  any  lead  chambers. 

Vol.  I.  p.  482.  Depth  of  add  in  the  chambers. — In  the  text 
I  have  quoted  the  view  generally  held  by  practical  men,  according^ 
to  which  it  is  of  great  importance  for  the  regularity  of  the 
chamber  work  to  keep  a  somewhat  deep  layer  of  acid,  8  inches 
or  upwards,  at  the  bottom  of  the  chambers.  I  have  stated  as- 
the  probable  cause  of  this  the  fact  that  this  layer  serves  as 
regulator  for  the  variations  of  strength  and  the  percentage  of 
nitre  in  the  acid  directly  connected  therewith.  This  view  is- 
completely  confirmed  by  observations  communicated  to  the  30th 
Alkali  Report,  p.  66,  by  Mr.  Carpenter.  At  a  factory  where  the 
chamber  receives  its  nitre  mostly  in  the  shape  of  waste  acid  from 
the  manufacture  of  nitro-toluol,  a  film  of  nitro-toluol  is  formed 
on  the  surface  of  the  chamber-acid,  and  this  shutting-off  of  the 
acid  from  the  atmosphere  of  the  chamber  causes  exactly  the 
same  irregularity  in  the  working  of  the  chamber  as  a  low  depth 
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of  the  acid  would  have  done.     The  latter  no  doubt  mainly  serves 
AS  regulator  for  the  nitre. 

Vol.  I.  p.  507.  Calculation  of  the  Sulphur  burnt  from  percentage 
of  oxygen  in  the  exit-gas. — An  erratum  occurs  in  the  formula  in  the 

last  line  of  this  page ;  instead  of  Y'QO'6^7  '  ^*  ®^^^'*  ^^  100^^7  f 

Vol.  I.  p.  519.  Drawbacks  of  coke-packing  in  Gay-Lussac 
towers. — Hallwell  (Chem.  Zeit.  1893,  p.  263)  remarks  that  in  a 
^ase  observed  by  him  the  replacing  of  coke  packing  by  stoneware 
packing  led  to  a  considerable  saving  of  nitre. 

Vol.  I.  p.  519.     Repacking  Gay-Lussac  towers. — As  this  opera- 
tion in  the  case  of  coke-towers  has  to  be  performed  from  time  to 
time,  and  accidents  have  happened  through  the  gases  remaining  in 
the  tower,  official  rules  have  been  laid  down  in  Germany,  of  which 
the  principal  points  are  the  following : — Before  repacking  is  com- 
menced, the  tower  must  be   completely   disconnected  from  the 
chambers,  but  the  connection  with  the  chimney  must  be  left  open. 
The  tower  must  now  be  washed  first  with  sulphuric  acid,  then 
with  water  or  steam,  until  the  liquid  running  ofi'  tests  at  most 
no  more  than  3°  B^.  (1'022).     During  the  taking-out  of  the  coke 
there  must  always  be  draught  into  the  chimney  :  when  unpacking 
from  below  the  draught  should  act  from  the  top ;  when  unpacking 
from  the  top  the  draught  should  act  from  the  bottom.     If  this 
cannot  be  done,  the  cover  must  be  removed  and  a  large  hole 
cut  in  the  side  at  the  bottom.     Towers  packed  with  coke  must  be 
unpacked  from  the  side  and  from  without,  in  the  case  of  tall  towers 
•on  different  levels.     The  packing  material  must  be  immediately 
removed.     The  workmen  must  be  provided  with  mouth-sponges, 
respirating-apparatus,  india-rubber  gloves,  &c.     Before  removing 
the  mud  collected  at  the  bottom,  it  must  be  stirred  up  from 
without  with  water,  and  this  must  be  repeated  if  nitrous  vapours 
are  evolved.      No  men  sufi^ering  from  lung  or  heart  disease  are 
to  be  employed  in  this  kind  of  work. 

The  English  Alkali  Report,  No.  31,  p.  90,  mentions  a  fatal 
accident  which  occurred  in  repacking  a  well-washed  and  unpacked 
Gay-Lussac  tower,  and  which  was  evidently  caused  by  the  nitre- 
gas  retained  by  the  old  brick-lining.  It  is  therefore  recommended 
to  ventilate  the  towers  in  all  cases  from  the  top  downwards  during 
unpacking  and  repacking. 
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Vol.  I.  p.  534.  Centralized  working  of  the  Gay-Lussac  towers. — 
The  following  very  perfect  system  is  followed  at  the  celebrated 
Griesheim  works.  Seven  sets  of  chambers  are  employed^  each 
possessing  ordinary  Gay-Lussac  towers ;  the  whole  of  these  com- 
municate with  a  large  common  tower,  of  a  horizontal  section  of 
10  X  30  ft.,  which  receives  the  fresh  acid  of  142°  Tw.,  divided  into 
480  jets.  The  resistance  in  this  tower  amounts  to  ^  up  to  ^  in. 
of  water.  The  weak  nitrous  vitriol  formed  here  is  pumped  up 
and  feeds  the  ordinary  Gay-Lussac  towers.  Since  these  require 
variable  quantities  of  acid,  this  is  divided  among  the  seven  towers 
by  an  acid-wheel  possessing  seven  chambers  of  variable  dimensions, 
produced  by  slightly  inclined  movable  spouts  i*esting  on  the 
partitions  between  the  chambers.  By  shifting  these  spouts  back- 
wards or  forwards,  the  time  of  feed  and  also  the  quantity  of 
acid  serving  each  compartment  can  be  varied  at  will.  From  each 
compartment  a  pipe  conducts  the  acid  to  one  of  the  Gay-Lussac 
towers,  where  it  is  again  subdivided  in  the  ordinary  way. 
(In  the  same  place  there  is  a  similar  arrangement  for  dividing 
the  strong  nitrous  acid,  chamber  acid,  and  nitric  acid  among  the 
seven  Glover  towers,  placed  at  a  considerable  distance  from  the 
central  office.)  Figs.  231  to  234  illustrate  the  above.  Fig.  231 
shows  the  acid-wheel,  supported  by  the  glass  bulb  a,  floating 
in  a  vessel  filled  with  sulphuric  acid.  This  avoids  all  friction,  so 
that  the  wheel  never  stops.  The  glass  point  /8  and  a  short  piece  of 
tubing  at  the  bottom  form  one  of  the  guides;  a  thimble  S  just 
below  the  funnel  forms  the  other  guide.  We  notice  the  seven 
compartments  a,  A,  c,  d,  e,  /,  g,  and  the  spouts  7,  which  can  be 
moved  backwards  and  forwards,  and  thus  admit  of  dividing  the 
supply  at  will.  Thus,  for  instance,  in  fig.  234,  which  indicates  a 
section  through  all  the  seven  compartments  (projected  on  a  straight 
line),  we  find  that  the  acid  is  divided  among  the  six  compartments 
«>  *>  C}  ^i  />  9  ^^  *lic  proportion :  7,  7,  7,  8,  5,  8 ;  rf  receives 
nothing,  because  the  set  of  chambers  to  which  it  belongs  is 
standing  still. 

The  employment  of  Lunge-Rohrmann's  plate-columns  as 
auxiliary  Gay-Lussac  towers  is  mentioned,  supra,  p.  778. 

Vol.  I.  p.  639.  An  automatic  acid-egg  air-valve  is  described  in 
Chem.  Tr.  Joum.  xvii.  p.  82  (J.  Soc.  Chem.  Ind.  1895,  p.  749). 
The  acid  entering  the  egg  tends  to  raise  a  wooden  float,  and  this 
lifts  a  valve  connected  with  the  air-tap.     When  later  on  the  com- 
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pressed  air  forces  the  acid  out^  the  float  descends  and  the  air-supply 
is  automatically  shut  just  as  the  last  acid  is  being  driven  out. 

Vol.  I.  p.  554-.  Temperature  in  the  Gay-Lussac  tower. — Crowder 
-(Joum.  Soc.  Chem.  Ind.  1891,  p.  300)  doubts  the  necessity  of 
cooling  the  acid  required  for  feeding  the  Gay-Lussac  towers^ 
•except  with  the  view  of  its  action  on  the  lead^  on  the  strength  of 
laboratory  experiments  in  which  acid  of  spec.  grav.  1*75  did  not 
absorb  the  nitrous  vapours  from  chamber-gases  much  less  at  100° 
than  at  the  ordinary  temperature.  But  as  he  never  went  beyond 
0*47  or  at  most  0*69  per  cent.  NjOs  in  the  acid,  his  observations 
are  not  to  the  point.  We  know  from  observations  made  on  the 
nitrous  acid  tension  of  sulphuric  acid  (Vol.  I.  p.  894)  that  this 
increases  rapidly  with  the  percentage  of  N^Oj,  and  in  all  cases 
with  the  rise  of  the  temperature.  As  regards  such  low  percentages 
of  N2O3  as  those  employed  by  Crowder,  the  tension  of  NjOj  is  not 
very  great  even  at  higher  temperatures;  but  in  actual  work  we 
must  aim  at  higher  percentages  of  nitre,  in  which  case  any  higher 
temperature  of  the  acid  acts  injuriously.  These  remarks,  made 
already  in  the  ''Addenda'^  to  Vol.  I.  p.  902,  have  been  fully 
x^onfirmed  by  observations  communicated  by  Hasenclever  (Chem. 
Ind.  1893,  p.  337).  A  high  temperature  not  merely  prevents  the 
absorption  of  NjOs,  but  even  expels  it  from  stronger  nitrous 
vitriol. 

Vol.  I.  p.  559.  TVeatment  of  the  exit-gases  from  the  Gay-Lussac 
towers. — These  gases  always  contain  a  little  nitric  oxide,  which 
escapes  oxidation  by  the  excess  of  air  present,  in  consequence  of 
its  great  dilution.  They  are  sometimes  washed  with  water  in  a 
special  small  coke-tower  or  plate-column,  where  a  little  weak  acid 
is  formed,  which  is  taken  back  to  the  Glover  tower. 

Mitamowski  and  Benker  (French  pat.  212989)  propose  passing 
these  gases  through  a  solution  of  ferric  sulphate,  or  through  a 
column  charged  with  granulated  copper  and  fed  with  water. 

Vol.  I.  p.  582.  Composition  of  Glover-tower  bricks,  called 
''  metalline,'^  supplied  by  the  Buckley  Brick  and  Tile  Company, 
according  to  Chemical  Trade  Journal,  x.  p.  46: — 63*01  SiOs^ 
25-95  AljOs,  6-49  Fe^Os,  075  MnA,  083  CaO,  040  MgO,  trace 
of  NajO,  2'57  K3O,  0*9  organic  substance  and  water. 

Vol.  I.  p.  582.  Packing  Glover  towers. — Enab  (Germ.  pat. 
67085)  causes  an  unimpeded  transit  of  the  gases  and  prevents 
obstructions  by  a  special  kind  of  packing.     He  forms  in  the  centre 
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of  the  tower  a  colamii  consisting  of  superposed  cylinders.  Each 
cylinder  is  provided  with  six  slightly  inclined  earthenware  tubes, 
arranged  star-shape,  and  with  their  outer  ends  reaching  into  the 
brick  lining  of  the  tower.  These  stars  are  alternately  arranged 
so  that  the  pipes  form  a  kind  of  steps^  and  four  superposed  stars 
fill  up  the  whole  section,  the  pipes  of  the  fifth  star  lying  exactly 
over  those  of  the  first  star,  and  so  on.  The  acid  is  thus  com- 
pelled  to  run  all  round  the  pipes  and  to  splash  on  to  the  pipes  lying 
below.  The  pipes  have  diflferent  inclinations,  in  order  to  better 
divide  the  acid.  [Such  pipes  soon  crack,  and  the  whole  apparatus 
then  collapses.] 

Vol.  I.  p.  583.  Employment  of  Lunge-Rohrmann  plates  in  Glover 
towers. — An  excellent  application  of  these  plates  has  been  made  in 
a  case  where  it  was  necessary  to  bring  about  the  denitration  at  the 
lowest  possible  temperature,  in  order  to  avoid  losses  by  the  ammonia 
present  in  the  gas-sulphur  (spent  oxide)  employed.  A  small  tower 
of  only  13  layers  of  plates  was  put  on  the  top  of  the  ordinary 
Glover  tower ;  the  gases  leave  the  latter  at  90°  C.^  and  the 
plate-tower  at  60°  C.  In  spite  of  this  slight  difference  of 
temperature  and  of  the  small  height  of  the  plate-tower^  it  was 
found  to  perform  80  per  cent,  of  the  denitrating  work.  Hence 
the  plate-towers  must  be  considered  excellently  adapted  for  this 
class  of  work,  if  they  can  be  kept  clear  of  fiue-dust  (which  in  the 
above  case  was  retained  by  the  old  Glover  tower).  They  must, 
however,  not  be  flushed  out  while  hot  with  cold  water,  which 
causes  the  plates  to  crack  (comp.  also  supra,  p.  778). 

Vol.  I.  p.  627.  Theory  of  the  vitriol-chamber  process. — Ostwald 
(Discussion  at  the  Congress  of  Electro-chemists,  1895)  contends 
that  the  part  played  by  the  nitrous  acid  is  not  that  of  an  oxygen 
carrier,  and  that  the  intermediate  products  containing  it  are  only 
accidental.  It  simply  acts  as  a  '^  catalytic  substance  ^^  in  greatly 
hastening  the  otherwise  too  slow  oxidation  of  sulphurous  acid  by 
atmospheric  oxygen.  [This  opinion  is  contradicted  by  the  fact 
that  the  intermediate  product,  i.  e.  nitroso-sulphuric  acid,  is  present 
in  every  vitriol-chamber  in  enormous  quantities,  and  that  even  a 
slight  diminution  of  that  quantity  leads  to  a  sharp  check  in  the 
acid-forming  process.] 

Vol.  1.  p.  627.  Nitrogen  peroxide  in  chamber-gases, — Benker 
(comp.  Kienlen,  Monit.  scient.  1895,  p.  321)  injects  SOj  into  the 
last  chamber,  in  order  to  remedy  the  drawback,  occurring  in  the 
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*'  forced  work  '*  (Vol.  I.  p.  870),  that  vapours  of  N2O4  are  formed 
which,  as  he  believes,  are  not  sufficiently  absorbed  in  the  Gay- 
Lussac  tower.  These  are  to  be  reduced  to  N2O3  by  SO^.  This 
is  evidently  the  same  principle  as  that  involved  in  Benker  and 
Lasne's  former  process  (Vol.  I.  p.  557) ;  the  only  difference  is 
that  they  injected  the  SO3  immediately  in  front  of  the  Gay- 
Lussac  tower^  and  that  Benker  now  sends  it  into  the  last  chamber. 
In  regular  work  this  process  can  only  act  injuriously;  but  in  cases 
where  there  is  an  excess  of  N2O4  it  may  do  good. 

Vol.  1.  p.  68  i.  Influence  of  the  impurities  found  in  commercial 
Sulphuric  Acid, — According  to  Deutecom  (Chem.  Zeit.  1892, 
p.  574),  a  minute  quantity  of  me^'cury  makes  sulphuric  acid  less 
suitable  for  pickling  brass  objects.  Nitric  acid  causes  wool  to  be 
stained  yellow  in  the  ''  carbonizing  '*  process.  Platinum  renders 
the  acid  unsuitable  for  electrical  storage-batteries.  Iron  some- 
times causes  a  pink  colour,  which  is  removed  by  a  little  nitric  acid, 
sometimes  even  by  the  action  of  atmospheric  air.  [This  looks  as 
if  the  pink  colour  was  not  caused  by  iron,  but  by  selenium.] 

Vol.  I.  p.  635.  Arsenic  found  in  different  parts  of  the  chamber^ 
system. — Stahl  (Zsch.  f.  angew.  Chem.  1893,  p.  54),  in  working 
Spanish  pyrites,  found  in  the  acid  of  the  first  chamber  01 6  per 
cent.  AsjOs,  in  the  second  O'Ol  per  cent.,  in  the  third  0-007  per 
cent.,  and  in  the  last  chamber  only  a  trace.  When  working 
purer  pyrites  from  Virginia  or  New  England,  the  acid  of 
the  first  chamber  contained  0*005  per  cent.  AsjOs,  the  second 
nothing,  the  average  0*002  per  cent.,  all  calculated  on  acid  of 
66°  B(^. 

Vol.  I.  p.  642.  Purification  of  Sulphuric  Acid  from  arsenic. — 
This,  according  to  H.  F.  Stahl,  is  most  conveniently  effected  as 
follows  :— The  acid  is  diluted  to  76°  or  82°  Tw.,  heated  to  80°  C, 
and  a  solution  of  barium  sulphide  of  12°  Tw.  is  run  in  at  the 
bottom  of  the  vessel  in  such  manner  that  no  H3S  escapes.  The 
AssSs  is  filtered  off  on  a  sand-bed,  placed  on  a  layer  of  quartz 
lumps,  and  thus  the  arsenic  is  reduced  to  0*01  per  cent.  As.  But 
as  the  acid,  on  standing  in  the  filter,  again  takes  up  a  little  arsenic, 
it  is  treated  with  gaseous  H^S,  and  is  thus  reduced  to  0*005  per 
cent.  As,  which  cannot  be  attained  either  with  BaS  alone  or  with 
HoS,  but  only  by  the  successive  application  of  each. 

For  electrical  storage-batteries  sulphuric  acid  should  be  as  free 
from  arsenic  as  possible.     Arsonval  endeavours  to  attain  this  by 
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pouring  4  or  5  c  c.  of  colza  oil  on  to  a  litre  of  salphuric  acid,  which 
is  to  form  glycerine-sulphuric  acid^  and  to  precipitate  the  arsenic, 
lead^  &c.^  in  the  form  of  soaps  [?] .  Gothard  prescribes  the  same 
addition ;  the  mixture  is  to  be  shaken  up,  allowed  to  stand  for 
12  hours,  poured  into  water,  and,  after  cooling,  the  sticky  mud 
must  be  skimmed  off  the  purified  acid  (Chem.  Zeit.  1892,  p.  163). 

Vol.  I.  p.  650»  Purification  of  Sulphuric  and  Hydrochloric  Acid 
from  arsenic,  ^c.  by  sulphuretted  hydrogen. — Whitehead  and  Gels- 
tharpe  (£ngl.  pat.  18940,  1894)  obtain  H2S  for  this  purpose  by 
treating  liquor  from  partially  oxidized  vat-waste  with  HCl.  The 
mixture  thus  evolved,  containing  H^S,  SO^  [I J ,  and  atmospheric  air, 
is  alleged  to  act  better  than  pure  air.  [This  process  is  not  patent- 
able. The  employment  of  vat-waste  for  this  purpose  has  been 
expressly  mentioned  in  this  connexion  in  my  Treatise,  which 
appeared  in  1891 ;  nor  is  the  partial  oxidation  patentable,  since 
vat-waste,  such  as  would  be  a^'ailable,  always  has  been,  and 
always  will  be,  partially  oxidized  j  nor  is  it  essential  whether  the 
waste  itself,  or  the  yellow  liquor  draining  from  it,  is  employed. 
The  assertion  that  SO3  occurs  in  these  gases  at  the  same  time  as 
HsS  is  of  course  wrong,  since  it  is  not  the  question  of  mere  traces. 
The  apparatus  described  by  the  inventors  presents  no  specially 
remarkable  features.] 

Vol.  I,  p.  652,  Purification  of  Sulphuric  Acid  from  nitrogen 
adds  by  ammonium  sulphate, — Lunge  and  Abenius  (Zsch.  f .  angew. 
Chem.  1894,  p.  609)  show  that  nitrous  acid,i,e.  nitrosyl-sulphuric 
acid,  is  very  quickly  destroyed  by  boiling  with  a  proportion  of 
ammonium  sulphate  of  1  NH3  to  1  acid  nitrogen;  even  with 
sulphuric  acid  of  140°  Tw.,  this  takes  place  in  five  minutes.  But 
nitric  acid  is  far  more  stable ;  it  requires  half  an  hour^s  boiling 
with  its  equivalent  of  ammonium  sulphate,  in  the  case  of  the 
strongest  sulphuric  acid,  for  its  destruction,  and  many  hours* 
boiling  with  a  large  excess  of  ammonium  sulphate  in  the  case  of 
acid  of  140^  Tw.  Hence  any  contamination  with  nitric  acid  must 
be  carefully  avoided  if  the  sulphuric  acid  is  to  be  concentrated  in 
platinum,  since  some  HNO^  will  get  into  the  platinum  still  in 
spite  of  all  precautions  ;  but  nitrous  acid  is  easily  removed  at  every 
stage  by  ammonium  sulphate. 

Vol.  I.  p.  658.  Concentration  of  Sulphuric  Acid  in  lead  vessels, 
— Wolters  (Engl.  pat.  18831, 1893)  carries  this  process  beyond  th^ 
XLSual  extent,  preventing  the  action  of  the  acid  on  the  lead  by 
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saturating  the  acid  with  lead  sulphate.  An  excess  of  this  is  put  in 
and  is  kept  in  suspension  bv  mechanical  stirring.  Most  of  the 
dissolved  lead  sulphate  crystallizes  out  on  coolings  and  can  be 
used  over  again. 

Vol.  I.  p.  658.  Concentration  of  Sulphuric  Acid  in  lead  pans. — At 
the  Freiberg  smelting-works  the  circumstances  of  the  case  require 
the  whole  of  the  acid  produced,  17,000  tons  50°  Be.  per  annum,  to 
be  concentrated  to  60^  Be.  in  special  apparatus^  and  great  experience 
has  been  gained  with  different  systems.  These  have  been  described 
in  detail  by  Junge  (Jahrb.  f.  Berg-  u.  Hiittenw.  in  Sachsen,  1892  ; 
partly  also  in  Zsch.  f.  angew.  Ch.  1893,  p.  61). 

Part  of  the  work  is  done  by  steam^keated  pans,  which  to  some 
extent  differ  from  those  described  in   the  text  (Vol.  I.  p.  676), 
and  which  are  minutely  described  in  the  original.     They  are  flat- 
bottomed  boxes,  lined  with  5  millim.  lead,  about  10  ft.  X  4  ft.  3  in. 
and  14  inches  deep,  with  a  coil  of  lead  pipe,  1|  in.  bore,  ^V  i^*  thick, 
184  ft.  long,  resting  on  loose  pieces  of  lead-piping.    Six  such  pans 
are  combined  in  a  set,  communicating  by  overflows ;  the  acid  runs 
in  at  one  end  and  out  at  the  other.     The  steam- pressure  is  best 
not  exceeding  2^  atmospheres.     The  temperature  risss  in  the  first 
pan  to  125^,  and  does  not  go  above  128^  in  the  last.    The  strength 
of  the  acid  (entering  at  5l°'4  Be.)  in  the  six  pans  is  respectively : 
53°-9 ;  56°1 ;  57°  4 ;    58°-6  ;   59°-4 ;    50°-2  Be.      Hence  a  com- 
paratively low  pressure,  far  below  the  boiling-point  of  the  acid, 
suffices  for  concentration;  but.  this  involves  slower  work  and  much 
more  plant  than  concentration   by   direct   firing.     The  cost   of 
repairs  is  slight  so  long  as  the  apparatus  is  new,  but  subsequently 
it  is  very  considerable.  The  thickness  of  the  steam-coils  corresponds 
to   a  strain   of  60   atmospheres   in   the  cold ;    in  spite   of  this 
they  later  on  become  bulged  out  and  burst  with  a  pressure  of  only 
2^  atmospheres.    This  is  caused  partly  by  the  action  of  steam 
from  within  and  hot  acid  from  without,  partly  by  the  gradual 
diminution  of  the  tensile  strength  of  the  lead  used  at  that  high 
temperature.     Lead  alloyed  with    1^  per  cent,  antimony  (hard 
lead)  cannot  be  used,  as  it  is  quickly  destroyed  by  hot  sulphuric 
acid  (comp.  the  investigations  carried  out  by  myself,  together  with 
E.  Schmid,  quoted  above,  p.  764) .     This  occurs  chiefly  in  the  places 
where  the  hard  lead  is  in  contact  with  soft  (pure)  lead  and  galvanic 
action  sets  in,  but  this  is  noticed  only  at  higher  temperatures^  not 
with  apparatus  worked  at  the  ordinary  degree  of  heat.    The  steam- 
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pans  are  gradually  very  much  impaired  in  their  efficiency  by  lead- 
mud^  &c.  settling  between  the  coils;  they  then  furnish  less  and 
weaker  acid.  Hence  their  use  cannot  be  recommended^  except 
where  it  is  absolutely  necessary  to  avoid  any  injury  to  vegetation^ 
which  is  certainly  altogether  excluded  here^  as  well  as  any  loss  of 
acid.  But  they  are  far  more  costly^  both  to  erect  and  to  work^ 
than  directly  fired  pans. 

The  Freiberg  bottom-fired  pans  are  about  6  ft.  6  in.  long,  3  ft. 
3  in.  wide^  and  8  in.  deep.  They  are  supported  by  |  in.  cast-iron 
plates  and  are  arranged  in  tiers^  the  fireplace  being  underneath  the 
strong  bottom  pan  and  the  acid  running  in  at  the  top  pan.  These 
pans  furnish  a  uniformly  strong  acid,  and  consume  only  two-thirds 
as  much  fuel  as  the  steam-pans.  They  sufier,  however,  under  the 
disadvantage  that  the  first,  strong,  pan  is  quickly  worn  out.  [It 
is  strange  that  Junge  does  not  even  mention  the  arrangement^ 
represented  as  the  only  rational  one  in  Vol.  I.  p.  667,  in  which 
the  fireplace  is  situated  underneath  the  weak  pan,  in  order  to 
lessen  the  wear  and  tear.]  Sometimes  the  pan-bottom  is  suddenly 
decomposed,  the  cause  of  which  is  unknown.  [The  explanation 
of  this  phenomenon  is  given  by  the  above-quoted  investigations 
of  Lunge  and  Schmid,  published  about  the  same  time  as  Junge's 
paper,  and  abstracted  above,  p.  764.]  In  normal  work  the 
temperature  of  the  acid  running  off  is  200°  C.  [This  is  much 
higher  than  has  been  hitherto  observed^  Vol.  I.  p.  607,  and  this 
may  explain  the  great  wear  and  tear.] 

Very  good  results  have  been  obtained  with  a  system  in  which 
the  fireplace  is  arranged  underneath  a  platinum  dish,  covered 
with  a  water-cooled  dome,  and  protected  by  a  brick  arch  below. 
From  this  the  fire  passes  underneath  the  lead  pans,  in  which  the 
acid  thus  never  exceeds  160°  C.  or  58°  B^.  The  sudden  destruc- 
tion of  the  first  pan  never  happens  in  this  case.  After  15  to  20 
weeks^  use  it  begins  to  leak  slightly,  so  that  the  acid  can  be  drawn 
off  before  any  trouble  arises.  The  first  pan  now  lasts  3  or  4 
months,  the  second  2  or  3  years,  the  others  5  years,  and  they  can 
be  replaced  within  12  hours  at  a  trifling  cost.  This  apparatus, 
inclusive  of  the  platinum  dish,  costs  about  as  much  as  the  steam 
apparatus,  inclusive  of  the  steam-boiler;  it  requires  much  less 
space,  is  quite  as  safe,  and  furnishes  a  stronger  and  more  uniform 
acid,  with  a  much  smaller  consumption  of  fuel. 

Vol.  I.  p.  666.     Lead  pans  fired  from  below. — MacDougall 
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(Engl.  pat.  21778,  1894)  employs  perforated  cast-iron  plates  for 
supporting  the  bottom,  preferably  in  the  shape  of  a  grid  with 
longitudinal  and  transverse  rills,  leaving  diamond-shaped  holes. 
This  indeed,  according  to  ^  Alkali  Report,'  no.  31,  p.  54,  prevents 
a  local  overheating  of  the  pan-bottoms,  which  readily  occurs  with 
solid  cast-iron  plates,  and  the  pans  do  not  show  any  buckling  even 
after  prolonged  use. 

Carulla  ( Joum.  Soc.  Chem.  Ind.  1893,  p.  15)  interposes  between 
the  lead  and  the  ordinary  solid  1-in.  cast-iron  plate  a  copper  plate 
7^2^  in.  thick,  which,  owing  to  its  good  conduction  of  heat,  very 
efficiently  prevents  local  overheating  of  the  lead,  without  inter- 
fering with  the  transmission  of  the  heat. 

Vol.  I.  p.  689.  Concentration  of  Sulphuric  Acid  by  glass  retorts 
on  the  intermittent  plan. — The  construction  and  working  of  the 
plant  at  the  Miilheim  works  have  been  very  minutely  described  by 
Liity  (Zsch.  f.  angew.  Chem.  1892,  p.  385).  This  communication 
would  be  very  important  and  interesting  if  the  intermittent  plan 
were  not  now  universally  recognized  as  far  too  expensive,  and 
therefore  antiquated  ;  1  must  therefore  refer  those  still  interested 
in  it  to  the  original  or  to  the  translation  in  Journ.  Soc.  Chem. 
Ind.  1893,  p.  153.  The  plant  described  by  Liity  (erected  by 
an  English  chemist)  seems  to  have  been  even  less  economical 
than  some  others,  and  is  a  warning  example  against  the  whole 
•svstem. 

Vol.  I.  p.  692.  Continuously  working  glass  retorts. — Penniman 
(Amer.  pat.  469439)  employs  in  a  set  of  retorts  arranged  stepwise 
a  current  of  air,  which  keeps  the  acid  continually  agitated,  and  so 
prevents  their  breaking. 

Vol.  I.  p.  692,  Cost  of  concentrating  Sulphuric  Acid  in  glass 
retorts. — According  to  a  very  interesting  comparative  survey  by 
Tate  (Joum.  Soc.  Chem.  Ind.  1894,  p.  208),  to  which  we  shall 
have  again  to  refer,  the  cost  of  a  battery  of  glass  retorts  on  the 
old  system,  for  making  10  tons  in  24  hours,  ranges  from 
j§800  to  £1000,  inclusive  of  condensing-apparatus.  The  coat 
of  concentrating  from  spec.  grav.  1*76  to  1*838  varies  very  much; 
but  the  fuel  averages  13  to  14  cwt.,  and  the  wages  4s.  6rf.  per 
ton  of  strong  acid.  The  breakage  varies  extremely  at  different 
places. 

With  the  Gridley-Chance  system  the  cost  of  two  sets  of  four 
retorts  each,  for  making  23  to  25  tons  acid  per  week,  is  jS200^  aud 
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c€100  for  the  buildino^.  It  is  easy  to  make  acid  of  95  per  cent. ; 
97  per  cent,  acid  requires  more  time.  The  cost  of  labour  is  only 
from  2s,  to  Ss,  per  ton  of  strong  acid;  of  coal  only  two- thirds 
of  the  quantity  required  by  the  old  system  is  necessary,  say 
10  to  12  cwt.  per  ton.  [This  does  not  agree  with  the  above  state- 
ment, and  later  on  only  5  cwt.  is  spoken  of.]  The  breakage  is  only 
about  one  retort  to  180  or  200  tons  of  acid,  or,  say,  1^.  per  ton 
(a  retort  costs  25s, ;  in  discussing  the  paper  it  was  mentioned 
that  the  breakage  is  frequently  much  higher).  Extra-concentrated 
acid  is  more  easily  made  in  glass  than  in  platinum  retorts.  Acid 
contaminated  by  suspended  or  dissolved  impurities  is  not  easily 
concentrated  by  this  system,  as  it  causes  much  breakage. 

Vol.  I.  p.  692.  Retorts  having  the  lower  half  composed  of  glass 
and  the  hood  of  any  suitable  material  are  described  by  SchoGeld 
(Engl.  pat.  19780,  1891). 

Vol.  I.  p.  694.  Nigrier^s  system  of  concentrating  Sulphuric 
Acid  in  porcelain  dishes  is  minutely  described  by  Kretzschmar  in 
Chcm.  Zeit.  1892,  p.  418.  The  gases  from  a  set  of  four  furnaces 
pass  underneath  three  sets  of  lead  pans,  where  they  concentrate 
the  acid  up  to  134°  to  142°  Tw.,  and  heat  them  to  145°  or  149°  C. 
Each  furnace  produces  25  cwt.  of  acid  of  93  per  cent,  daily,  with 
an  expenditure  of  23'5  per  cent,  of  rather  low-grade  English  coal. 
The  breakage  of  dishes  per  month  was  at  first  5,  out  of  a  total 
of  64,  costing  4«.  each;  but  this  was  greatly  lessened  when  the 
cast-iron  bed-plates  were  replaced  by  fire-clay  slabs.  The  acid 
vapours  from  each  set  of  two  furnaces  pass  into  a  lead  condenser, 
then  into  a  cooling-worm,  and  eventually  into  an  upright  pipe,  in 
which  the  necessary  draught  is  produced  by  a  jet  of  compressed 
air.  The  Negrier  apparatus  has  the  advantage  of  allowing  the  use 
of  impure  and  nitrous  vitriol,  but  it  requires  much  more  space, 
labour,  and  coal  than  platinum  stills. 

Vol.  I.  p.  694.  Concentration  in  glass  and  porcelain  vessels. — 
A  system  of  concentrating  sulphuric  acid,  very  similar  to  Negrier's 
described  in  the  text  (which,  as  Scheurer-Kestner  has  pointed 
out  in  Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  317,  was  preceded  in 
1887  by  an  American  patent  of  W.  H.  Adams),  has  been  recently 
described  by  Webb  and  also  exactly  on  the  same  lines  by 
Levinstein.  Both  of  these  gentlemen  employ  batteries  of  glass 
beakers  arranged  in  steps,  but  Webb  has  recently  replaced  the 
lower  portion  of  the  battery  by  porcelain  beakers. 
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WebVs  English  patents  are  Nos.  2343,  17407,  and  18891,  all  of 
1891.  As  figs.  235  and  236  show,  his  apparatus  consists  of  14  or  16 
glass  (or  porcelain)  beakers,  A,  A,  arranged  one  above  the  other, 
about  11  in.  wide  and  21  in.  high,  with  overflow  lips  communicating 
with  movable,  tapering  glass  pipes  placed  in  a  slanting  position 
in  the  next  lower  beaker,  so  that  the  acid  flows  from  each  beaker 
on  to  the  bottom  of  the  next,  and  from  the  last  of  these  through 
a  cooler  into  the  vessels  where  it  is  to  be  stored. 

The  patent  No.  2343,  1891,  runs  as  follows : — A  series  of  glass 
vessels  are  placed  on  slabs,  arranged  in  steps,  in  a  heating- 
chamber  j  the  vessels  are  enclosed  near  their  upper  edges  in  iron 
plates  or  slabs,  corresponding  to  the  bottom.  In  each  of  these 
vessels  is  placed  at  an  angle  a  loose  tapered  glass  tube,  reaching 
from  the  spout  of  one  vessel  to  the  bottom  of  the  next  lower 
vessel,  where  it  is  provided  on  its  side  with  an  outlet  slit.  The 
fire-gases  pass  first  into  combustion-chambers  on  one  side  of 
the  heating-chamber,  and  from  thence  into  the  space  left  round 
the  glass  vessels.  The  weak  liquor  is  fed  into  the  tube  of  the 
uppermost  vessel  and  displaces  a  certain  amount  of  acid,  which 
will  overflow  into  the  tube  of  the  next  vessel,  &c.,  thus  causing  a 
thorough  interchange  in  the  liquor  to  be  evaporated.  The  concen- 
trated acid  is  delivered  from  the  last  vessel  of  the  series. 

Much  stress  is  laid  on  the  fact  that  the  acid  always  flows  on  to 
the  bottom  of  the  next  lower  beaker,  where  it  forces  the  already 
concentrated  acid  upwards  and  is  well  mixed  with  it. 

The  cost  of  an  apparatus  of  14  glasses,  apart  from  patent 
royalty,  is  from  jB60  to  £100.  Usually  two  sets  are  built 
together.  14  glasses  produce  per  hour  a  carboy  of  acid  of  spec, 
grav.  1*838  from  acid  of  1*74,  with  consumption  of  less  than 
^  cwt.  of  coke.  One  man  can  attend  to  4  sets  of  14  glasses  each, 
in  which  case  the  cost  of  labour  is  only  2d,  per  carboy.  Each  set 
makes  5  or  6  tons  of  strong  acid  per  week  from  acid  of  1*60,  or 
11  to  12  tons  from  acid  of  1*74. 

At  first  the  breakage  was  very  considerable,  so  long  as  all 
beakers  were  made  of  glass,  but  since  the  three  bottom  beakers  of 
each  set  have  been  replaced  by  porcelain  vessels  the  breakage  has 
been  greatly  reduced.  More  recently  all  the  beakers  have  been 
made  of  porcelain,  and  since  then  the  breakage  is  nil.  The  feed 
of  acid  is  regulated  by  means  of  a  thermometer  placed  in  the 
fourth  beaker  from  the  bottom.    No  lead  pans  aie  needed  for 
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preliminaiy  concentration.  Even  the  most  impure  acid,  also  waste 
acid  from  dynamite- works  &c.,  can  be  worked  up.  The  acid  running 
off  in  cases  of  breakage  is  easily  caught  and  used  over  again. 

Levinstein's  patents  are :  No.  19213,  1892 ;  Nos.  2476  and 
2835,  1893;  No.  22844,  1894;  his  apparatus  is  very  similar  to 
Webb's,  but  the  beakers  have  rounded  bottoms  and  are  placed  in 
metal  dishes,  and  the  overflow-pipes  are  modified.  According 
to  one  of  his  latest  patents,  the  dilute  vapours  from  the  upper 
portion  and  the  strong  vapours  from  the  lower  portion  of  the 
battery  are  carried  away  separately,  which  appears  to  be  a  very 
rational  process. 

Quite  similar  to  the  above  is  Bradbury's  apparatus,  Engl.  pat. 
22327,  1893,  and  that  of  J.  W.  Scott,  Engl.  pat.  14215,  1894. 

VoL  I.  p.  708.  Advantage  of  the  concentric  partitions  in 
platinum  stills^ — Scheurer-Kestner  (Bull.  Soc.  Ind.  Mulhouse, 
1892,  p.  321)  gives  data  as  to  the  difference  produced  by  working 
with  a  Desmoutis  still,  first  without  and  then  with  concentric 
partitions,  the  acid  being  forced  by  the  latter  to  remain  longer  in 
the  stills  in  the  proportion  of  48  :  62.  The  data  refer  to  both 
styles  of  work  : — 

Without  With 

pirtitions.  parti  tiuna. 

Make  in  24  hours     5136  6632  kil. 

Concentration  of  acid  92'5  92*5  per  cent. 

Average  strength  of  distillate  ...       36°  11°  Baume. 

Weight  of  ditto     2160  2160  kil. 

Weight  of  the  corresp.  H2SO4...     816  2\6    „ 

Percentage  of  acid  distilled 15*8  3*2 

Weight  of  coal  used      1100  1100  kil. 

Ditto  per  cent.  cone,  acid    21*4  16'5 

Water  evaporated 1344  1944  kil. 

These  undoubted  advantages  of  the  concentric  partitions  are, 
however,  counterbalanced  by  a  greater  loss  of  platinum  and  more 
frequent  repairs,  so  that  many  manufacturers  have  abandoned  this 
system  after  having  tried  it. 

Vol.  I.  p.  721.  Lead  hoods  for  Faure  and  Kessler's  platinum 
dishes, — ^The  Cbemische  Fabrik  Rhenania  (Germ.  pat.  64572) 
makes  these  hoods  of  a  long  coil  of  lead  tubing,  burning  the  walls 
together  so  as  to  form  a  tight  bell,  within  the  walls  of  which  the 
cooling- water  circulates.    This  system  answers  very  well^  and  has 
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been  introduced  at  a  number  of  factories.     It  is  probably  the  best 
now  in  existence  for  this  special  purpose. 

Vol.  I.  p.  722.  Special  shapes  of  platinum  stills, — Siebert 
(Engl.  pat.  9514^  1893)  builds  platinum  retorts  with  stepped 
bottoms^  on  which  the  acid  runs  down  in  cascades.  [The  rate  of 
concentration  and  the  consumption  of  coal  are  very  favourable  in 
this  apparatus;  but  it  has  been  abandoned,  as  the  bottom  could 
not  be  prevented  from  running  dry^  and  thus  the  wear  and  tear 
became  too  great.] 

Hannetelle  (Engl.  pat.  22704,  1891)  describes  four  cylinders 
mounted  stepwise,  inclined  alternately  to  opposite  sides,  the  acid 
running  downwards  through  all  of  them.  The  ''  Chapuis  still  "  is 
constructed  on  the  same  principle. 

Lasne  uses  a  flat,  oblong  still,  6  ft.  6  in.  long,  in  which  the 
acid  runs  from  one  end  to  the  other  in  a  layer  of  about  2  inches. 

Krell  (Engl.  pat.  18727,  1894)  employs  a  cast-iron  pipe,  or  a 
wrought-iron  tube,  lined  with  platinum  or  gold,  entirely  immersed 
in  a  bath  of  molten  lead,  through  which  the  sulphuric  acid  passes 
in  a  slow  stream.  He  claims  that,  owing  to  the  even  heating,  the 
decomposition  of  the  acid  into  water  and  anhydride  is  largely 
avoided,  the  temperature  of  the  vapours  never  exceeding  the 
boiling-point  to  any  considerable  extent. 

Howard,  in  Boston,  Mass.,  has  constructed  an  automatic  regu- 
lator for  platinum  boilers.  By  means  of  a  float  the  specific 
gravity  of  the  acid  automatically  regulates  the  feed,  and  thus  acid 
of  uniform  strength  is  obtained.  This  apparatus  was  patented  in 
America  in  November  1893. 

Vol.  I.  p.  725.  Loss  of  platinum  and  platinum-gold  stills. — 
Davies  (Joum.  Soc.  Chem.  lud.  1894,  p.  210)  states  the  average 
loss  of  platinum  =  3«.  per  ton  of  strong  acid.  Sometimes  it  goes 
down  to  0'34  gram  per  ton.  Formerly  it  was  less  than  it  is 
now  [?].  When  making  97  per  cent,  acid  the  loss  occasionally 
rises  to  20  grams  platinum  per  ton.  [Such  strong  acid  should 
be  made  in  glass  or  iron  retorts,  or  in  boilers  made  of  the  Heraeus 
platinum-gold  composition.  This  composition  (comp.  Vol.  I. 
p.  728)  is  now  very  largely  used^  especially  in  Germany  and 
America,  and  may  be  regarded  as  the  best  kind  for  apparatus 
where  pure  acid  is  concerned,  both  for  entire  stills  and  for  pans 
covered  with  leaden  hoods.  The  gold  coating  in  the  former  case 
must  be  extended  to  the  whole  interior  of  the  boiler,  not  merely 
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to  the  bottom,  as  otherwise  galvanic  action  sets  in  at  the  place 
where  the  acid  touches  both  platinum  and  gold.  The  Heraeua 
composition  is  not  adapted  for  impure  acid  which  forms  crusts,  as 
these  necessarily  cause  damage  to  the  gold^  and  as  soon  as  any 
platinum  is  exposed  the  galvanic  action  sets  in.  Otherwise  it  is 
excellent.] 

Mercury  is  sometimes  contained  in  blende  &c.^  and  gets  into 
sulphuric  acid  (Vol.  I.  p.  299).  If  it  reaches  the  platinum  stills 
it  may  do  great  harm^  as  it  may  there  be  reduced  to  the  metallic 
state. 

Prices  of  platinum  stilis, — Hasenclever  (Chem.  Ind.  1893, 
p.  30)  gives  the  following  table  of  prices  (in  marks)  of  platinum 
stills  per  kilogram  (the  mark = nearly  Is.)  : — 


Year. 

Marka. 

Tear. 

Marks. 

Tear. 

Marka. 

1869.... 

..  600 

1877 

.  798 

1885.... 

..   104O 

1870.... 

..  600 

1878 

..  825 

1886.... 

..  1040 

1871.... 

..  600 

1879 

.  900 

1887.... 

..  1040 

1872.... 

..  600 

1880 

.  880 

1888.... 

..  1080 

1873.... 

..  837 

1881 

.  880 

1889.... 

..  1107 

1874.... 

..  837 

1882 

.  890 

1890.... 

..  1970 

1875.... 

..  800 

1883 

.  947 

1891.... 

..  1650 

1876.... 

..  800 

1884 

.  1013 

1892.... 

..  1250 

Vol.  I.  p.  729.  Crusts  in  platinum  stills, — ^The  following  is 
the  composition  of  such  crusts  as  observed  at  a  French  works^ 
according  to  private  information : — 

Hard,  stony  Softer  cruet,  impreg- 

crust.  nated  with  acid. 

FejOs    33-60  23*00 

SOj,    63-20  63-60 

SiOj —  0-20 

CaO  trace  110 

MgO  +  Na^O    trace  0-85 

AS2O5    trace  .trace 

PbS04  trace  trace 

Se     trace  trace 

AI3O3    trace  — 

Vol.  I.  p.  729.  Concentration  of  Sulphuric  Acid  in  gilt-copper 
vessels, — Gilt-copper  stills  are  proposed  by  Neuerburg  (Germ.  pat. 
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58511),  but  they  are  evidently  quite  impracticable,  since  all  such 
coatings  are  more  or  less  porous ;  at  the  least  break  in  the  p)ld 
coating  the  acid  would  at  once  destroy  the  copper  vessel.  The 
Heraeus  composition,  mentioned  in  the  text  and  above  p.  795,  is 
not  simply  gilt-platinum  (which  does  not  answer),  but  is  a  solid 
gold  sheet  fused  on  to  a  platinum  sheet,  and  this  has  indeed  proved 
a  complete  success,  and  is  now  introduced  at  most  German  and 
many  other  works. 

Vol.  I.  p.  730.     Concentration  of  Sulphuric  Acid  in  iron  vessels, 

Ist.  Enamelled  cast  iron. — Tate  (he.  cit.  p.  790)  mentions  an 
apparatus  constructed  by  West  in  1883  on  the  continuous  system, 
with  an  enamel  or  porcelain  lining ;  nothing  is  known  as  to  its 
success. 

Dyson  (Engl.  pat.  17699,  1893)  has  made  a  cascade-apparatus, 
consisting  of  iron  pans  lined  with  a  special  enamel,  connected 
by  U-shaped  siphons,  which  carry  the  acid  from  the  bottom  of 
each  vessel  into  the  upper  part  of  the  next.  A  set  of  18  pans 
produces  21  tons  of  strong  acid  per  week.  This  apparatus  is  to 
cost  jfc250,  and  to  require  6  cwt.  of  coke  per  ton  of  acid.  Some 
more  details  are  given  in  Chem.  Trade  Journ.  xvii.  p.  339. 
Chamber  acid  of  100^  Tw.  is  employed,  and  103  tons  acid  of 
168^  Tw.  is  produced  in  one  apparatus  in  43  days,  with  a  consump- 
tion of  23i  tons  of  gas-coke;  the  wages  are  £19  9*.  7rf.,  or 
3s.  10\d.  per  ton,  which  would  be  greatly  reduced  if  the  same 
men  could  look  after  two  plants.  [Main  features  in  this  system 
are  the  time  which  the  enamelled  iron  vessels  will  last  and  the  cost 
of  renewals.] 

2nd.  Wrought  iron. — ^Tate  (foe.  cit.)  gives  particulars  of  an  old 
tar-still,  made  of  |-in.  plate,  6  ft.  wide  and  4  fit.  high,  in  which  for 
several  years  past  a  mixture  of  sulphuric  and  nitric  acid  had  been 
concentrated  from  spec.  grav.  1*75  to  1'838,  with  recovery  of  the 
nitric  acid.  [Perhaps  the  use  to  which  this  vessel  had  previously 
been  applied  had  deposited  a  protective,  carbonaceous  coating.] 

3rd.  Cast  iron. — ^Tate  mentions  pots,  9  feet  wide  and  6  feet 
deep,  2  in.  thick,  with  cast-iron  lids,  weighing  11  or  12  tons,  in 
which  acid  of  spec.  grav.  1'74  is  concentrated  within  28  or  30 
hours  to  96  per  cent. ;  one  such  pot  produces  12  tons  of  acid.  It 
is  allowed  to  settle  and  cool  for  12  hours,  so  that  one  of  these  pots 
can  be  finished  every  two  days.  Coal  used  2  cwt.  per  ton,  wages 
Is.  per  ton,  wear  and  tear  3s.  or  4s.  per  ton  of  finished  acid* 
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From  time  to  time  the  mud  consisting  of  iron  salts  mnst  be  cleaned 
out,  and  this  represents  4  or  5  per  cent,  of  acid  lost.  Such  a  pot 
costs  £60^  the  lid  (which  lasts  for  3  or  4  pots)  £10 ;  the  setting 
iE30.  Each  pot  produces  from  500  to  600  tons  of  acid,  and  is  then 
worth  £10  or  £15  as  old  metal.  The  plant  requires  very  litrle 
space  and  no  expensive  building.  The  dirtiest  acid  can  be  worked 
up  which  can  hardly  be  worked  by  any  other  system,  and  the 
highest  strength  can  be  attained  [but  the  acid  will  be  very  impure] . 

In  my  report  on  a  visit  to  America  (Zsch.  f.  angew.  Chem. 
1894,  p.  135)  I  have  described  the  following  plants: — In  one  place 
they  concentrate  the  acid  to  66°  Be.=93'5  per  cent,  in  platinum^ 
above  that,  up  to  98  per  cent.,  in  round  cast-iron  pans^  3  ft.  wide 
and  2  in.  thick^  with  double  flange  for  a  hydraulic  joint,  in  which 
a  water-cooled  leaden  hood  dips.  The  hydraulic  flanges  are  lined 
inside  with  lead,  as  they  are  filled  with  weak  acid.  Such  a  pan 
lasts  two  months.  The  acid  evidently  does  not  take  up  much  iron^ 
as  it  is  partly  used  for  the  manufacture  of  nitro- glycerine. 

At  another  place  they  employ  a  set  of  three  pans  :  one  is  made 
of  cast-iron,  4  ft.  x  3  ft.  area,  and  two  of  platinum,  all  three  with 
lead  hoods  on  the  Faure-Kessler  principle.  In  the  platinum  pans 
the  acid  rises  to  65|°  Be.,  in  the  iron  pan  to  66°  B^.  This  acid 
is  only  used  for  purifying  petroleum.  All  three  pans  are  heated 
by  heavy  petroleum  (spec.  grav.  0*833,  the  residue  from  the 
manufacture  of  paraffin),  injected  by  a  steam-jet.  The  regularity 
and  facility  of  this  kind  of  heating  compensate  the  excess  of  cost 
of  coal.  The  flame,  after  heating  the  three  pans,  passes  above 
the  weaker  acid  contained  in  two  lead  pans,  each  30  feet  long 
and  provided  with  an  inner  dry  wall  and  a  water-jacket  as 
protection  against  being  burned  through.  The  first  lead  pan 
receives  chamber-acid  of  53°  Be. ;  the  second  lead  pan  brings  it 
up  to  61°  Be.,  the  second  platinum  pan  to  65°*6,  the  iron  pan  to 
GQ°  Be.  Each  set  furnishes  daily  500  carboys  or  about  20  tons, 
with  a  consumption  of  900  American  gallons,  or  a  little  over 
3  tons,  of  heavy  petroleum,  costing  2  cents  per  gallon,  or  7*5  tons 
per  100  tons  acid.     The  iron  pans  last  three  months. 

At  another  place  they  have  two  platinum  pans  with  lead  hoods, 
the  upper  (weak)  pan  receiving  the  direct  fire,  combined  with  two 
specially  fired  iron  retorts,  constructed  as  described  in  Vol.  I. 
p.  733,  viz.,  a  bottom  part,  8  f t.  x  2  ft.  section  and  8  inches  deep, 
connected  by  a  flange  and  rust-joint  with  a  similar  shaped,  but 
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only  4  in.  deep  lid.  The  fire  plays  all  round,  first  underneath  the 
pan  and  then  above  it,  in  a  12-in.  wide  flue.  The  6-in.  vapour- 
pipe  passes  through  this.  The  acid  attains  to  98  per  cent.,  and  is 
drawn  ofi*  by  means  of  an  iron  tap. 

In  a  fourth  factory,  at  Pinole,  Cal.,  there  is  the  following  appa- 
ratus^ for  the  drawings  and  description  of  which  I  am  indebted  to 
the  superintendent,  Mr.  Quinan.     Fig.  237  shows  the  iron  pan 
without  cover,  seen  from   above;    fig.  238   is  a  sectional   plan 
through  A  B,  showing  the  steam-pipe  and  the  outlet-pipe  with 
mud-box ;  fig.  239  part  of  the  longitudinal  section  through  C  D, 
showing  the  acid-inlet  and  the  thickened  bottom  below  it;  fig.  240 
a  cross-section  at  right  angles  through  the   inlet.      The  pan  is 
divided  into  three  compartments  by  longitudinal  partitions  which 
leave  openings  at  alternate  ends  of  the  pan,  and  thus  compel  the  acid 
to  travel  in  a  zigzag  manner.     Corresponding  to  these  channels, 
the   pan-bottom   is    bulged   outwards,  in  order  to   enlarge   the 
heating-surface.     The  flat  cover  rests  on  a  rebate  formed  on  the 
upper  edge  of  the  pan,  and  is  luted  in  this  with  a  mixture  of 
barytes  and  silicate  of  soda ;  it  is  held  in  its  place  by  six  castings, 
a  a,  wedged  against  corresponding  lugs,  b  b,  on  the  pan ;  these 
lugs  also  serve  as  bearers  for  the  pan.     The  cast-iron  vapour-pipe, 
c,  2i-inch  bore,  is  connected  by  flanges  and  screw-clamps  with  a 
neck  formed  in  the  cover;  the  joint  is  made  by  an  asbestos  washer 
and  the  silicate-of-soda  mixture.     During  work  the  pan  lid  is 
tightly  covered  with  asbestos  waste,  to  protect  it  against  cooling 
and  the  consequent  action  of  the  acid.      The   acid-inlet  is  not 
arranged  in  the  cover,  but  in  a  cup,  6,  cast  on  to  the  pan ;  below 
this  the  pan-bottom  is  thickened,  as  this  part  is  always  strongly 
acted  upon.     The  pans  are  5  ft.  6  in.  x  1  ft.  6  in.  surface  and 
10  in.  deep ;  the  channels  are  5  in.  wide  each,  thickness  of  metal 
I  in. 

The  acid-outlet  is  at  the  cast-iron  neck,  /,  opposite  which  is  a 
cleaning-hole  in  the  pan-lid,  with  the  cover,  rf,  luted  by  silicate- 
of-soda  cement.  Neck  /  is  joined  to  the  cast-iron  pipe,  g, 
leading  to  the  mud-box,  k ;  from  this  a  cast-iron  pipe,  i,  again 
rises  upwards,  and  is  connected  by  a  side-branch  with  the  short 
platinum  tube,  k,  which  conveys  the  acid  into  a  Johnson  and 
Matthey's  platinum-cooler.  By  this  arrangement  the  acid  is 
obtained  perfectly  clear  and  free  from  mud. 

This  iron  pan  is  connected  with  two  Delplace  platinum  stilly 
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18  in.  wide  and  5  ft.  long.  The  acid  enters  62°  Be.  strong  from 
the  lead  pans  into  the  first  platinum  still.  The  fire^  on  leaving 
the  platinum  stills^  travels  underneath  seven  lead  pans ;  there  are 
also  lead  pans  on  the  eight  sulphur  burners.  This  set  of  one  cast- 
iron  pan  and  two  platinum  stills^  together  with  an  auxiliary  iron  pan 
and  platinum  stilly  supplies  a  set  of  chambers  of  200,000  cubic  feet. 

The  firing  of  both  iron  and  -platinum  stills  is  performed  by 
crude  petroleum,  sprayed  by  superheated  steam.  The  introduction 
of  this  system,  in  lieu  of  a  coal-fire,  not  merely  saves  labour,  but 
it  also  increases  the  turn-out  from  9  tons  to  13^  tons  of  96  per 
cent. 

The  duration  of  an  iron  pan  is  from  four  to  eight  months.  Thpv 
are  rarely  used  up,  but  they  crack  in  the  places  where  thick 
crusts  are  formed,  sometimes  without  apparent  cause,  probably  in 
consequence  of  faults  in  casting.  [Recently  chilled  cast-iron 
seems  to  have  given  great  satisfaction.]  Small  holes  sometimes 
forming  at  the  iulet  can  be  stopped  up  by  silicate-of-soda  cement. 

The  vapour-pipe,  c,  leads  to  a  condenser  constructed  of  platinum 
and  lead.  Formerly  it  had  to  be  protected  against  cooling  and 
quick  corrosion  by  a  thick  asbestos  coating ;  but  later  on  a  cast- 
iron  mixture  was  invented  which  lasts  almost  indefinitely  even 
without  such  protection  [probably  chilled  cast-iron]. 

During  work  a  deposit  is  formed  at  the  bottom,  principally 
consisting  of  ferric  sulphate,  which  is  removed  once  a  fortnight. 
The  pan  is  emptied,  the  cover  removed,  the  outlet  /  is  closed, 
the  pan  is  filled  with  water  and  heated  to  boiling.  The  crusts, 
which  are  sometimes  ^  in.  thick,  are  then  chiselled  off.  Such 
crusts  of  course  greatly  diminish  the  heating  eflBciency.  In  the 
first  channel,  where  the  fresh  acid  enters,  there  is  not  much 
deposit — on  the  contrary,  the  iron  is  slightly  acted  upon ;  and  the 
ferrous  sulphate,  together  with  that  issuing  from  the  chambers  in 
large  quantities  (comp.  below),  is  deposited  in  the  second  and 
third  channels.  A  little  mud  is  always  carried  along  by  the  acid^ 
but  is  deposited  in  box  h. 

The  acid  made  by  this  apparatus,  remarkable  to  say,  contains 
less  iron  than  that  formerly  concentrated  to  96  per  cent,  in 
platinum  stills  at  the  same  works.  No  doubt  this  is  caused  by 
the  fact  that  they  now  bring  up  the  acid  to  97  or  98  per  cent. 
But  it  is  possible  to  turn  out  95  per  cent,  or  even  94  per  cent, 
acid  in  this  apparatus. 
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As  to  the  consumption  of  fuel,  more  is  used  with  iron  pans 
than  with  platinum  stills.  Formerly  the  consumption  of  coal  for 
making  96  per  cent,  acid^  in  platinum  stills,  inclusive  of  chamber- 
steam^  was  22  per  cent,  of  the  acid ;  now^  for  making  97  per  cent, 
acid  in  iron  pans,  it  is  the  equivalent  of  28  to  30  per  cent,  of  coal 
(used  in  the  shape  of  petroleum). 

At  the  same  works  they  treat  a  large  quantity  of  waste  acid 
from  the  manufacture  of  nitro-glycerine.  This  after  denitration 
yields  acid  of  53^  Be.,  which  was  formerly  concentrated  in  special 
top-fired  lead  pans,  and  subsequently  in  the  above-described  com- 
bination of  iron  and  platinum  stills.  But  as  the  mixed  acids  are 
sent  backwards  and  forwards  in  sheet-iron  glycerine  drunas  and 
take  up  much  iron  from  these,  the  denitrated  acid  is  now  riui  into 
the  chambers,  where  much  of  the  mud  is  deposited,  and  the 
chamber-acid  is  then  treated  as  above.  Such  acid  could  not 
possibly  be  concentrated  in  platinum  stills  alone,  on  account  of 
the  crusts. 

Scheurer-Eestner  (Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  348) 
employs  the  following  connection  between  the  iron  pan  and  a  plati- 
num lute  for  receiving  a  Faure  and  Kessler  hood  (fig.  241).     F  is 

Hg.  241. 


the  cast-iron  pan,  resting  on  the  brickwork  by  means  of  the  flange  L. 
a,  4,  c,  d  is  the  platinum  rim,  to  which  is  soldered  a  flange  ^,  *, 
held  between  the  flange  K,  cast  on  the  pan  F,  and  a  loose  iron 
flange  t,  i,  the  joint  being  made  with  asbestos  or  gypsum  pipeclay 
and  secured  by  screw-bolts.    The  apron  g,  a,  forming  part  of  the 
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platinum  rim^  protects  the  cast-iron  from  the  drops  of  weak  acid 
falling  from  the  top.  A  cast-iron  pan  supplying  5  tons  of  acid 
in  24  hours  weighs  5  cwt. :  it  yields  on  the  average  12*7  grams 
iron  to  100  kilograms  acid  concentrated  from  92*5  to  96  per  cent. 
The  platinum  pan,  in  which  the  previous  concentration  to  92'5 
per  cent,  is  effected^  suffers  very  little  indeed.  The  concentration 
in  iron  is  not  suitable  below  95  per  cent,  or  much  above  this  point. 
For  this  reason  Scheurer-Kestner  prefers  the  following  com^ 
binaiion  of  a  cast-iron  pan  with  platinum  dome  (Oerm.  pat.  61331; 
Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  320).  Fig.  242  shows  ao^ain  the 
arrangement  of  protecting  the  iron  from  drops  of  weak  acid  by  the 
platinum  apron  a,  and  of  pruning  the  joint  by  means  of  the 
platinum  flange  b,  held  between  the  iron  flanges  c  and  d.  But 
here  the  platinum  continues  into  a  real  hood  e,  closed  at  top  in  the 

Fijj.  i>42. 


ordinary  manner.  The  iron  pan  C,  which  weighs  250  kil.,  must 
be  entirely  surrounded  by  the  fire,  as  shown  in  fig.  243.  The 
platinum  dome  weighs  from  8  to  8*5  kil.,  and  the  preceding  two 
platinum  dishes  B  and  A,  provided  with  Faure  and  Kessler  hoods, 
weigh  9  kil.  each,  the  connection-tubes  about  2  kil.  The  fire 
plays  first  under  the  weak  platinum  pan,  then  under  the  stronger 
platinum  pan,  at  last  under  the  iron  pan.  Such  an  apparatus 
furnishes  4^  tons  of  95  per  cent,  acid  in  24  hours,  with  less  than 
0*15  gram  platinum  lost  for  each  ton  of  acid;  and  the  concen- 
tration can  be  easily  driven  to  97*5  per  cent. 

In  the  28th  Alkali  Report,  p.  55,  Graham^s  process  is  mentioned, 
in  which  the  concentration  takes  place  in  a  series  of  cast-iron 
dishes.    It  was  found  that  hot  sulphuric  acid^  in  thin  layers,  in 

Sf2 
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contact  with  cast-iron,  tends  to  dissociate  into  SO3  and  HsO,  so 
that  from  a  certain  point  the  acid  becomes  all  the  weaker  the 
longer  and  more  strongly  it  has  been  heated.  The  dissociation  is 
evidently  caused  by  the  superheating  of  the  iron,  which  becomes 
much  hotter  than  the  platinum.  This  observation  proves  the 
advantage  formerly  pointed  out  and  again  observed  in  fig.  243,  of 
causing  the  flame  to  travel  in  the  same  direction  as  the  acid,  so 
that  the  strongest  acid  is  not  in  contact  with  the  hottest  part  of 
the  flame. 

Krell  (Pr.  pat.  241806)  passes  the  vapours  formed  in  the  con- 
centration or  distillation  of  sulphuric  acid  through  a  tubular 
cooler  placed  in  a  bath,  which  produces  a  preliminary  heating  of 
the  acid,  and  only  subsequently  through  the  final  cooler.  Thus  the 
latter  is  less  acted  upon  and  there  is  less  dissociation  of  vapour. 

Vol.  I.  p.  787.  Concentration  of  Sulphuric  Acid  by  hot  ffoses. — 
Fonteuille  (Germ.  pat.  37713)  causes  hot  air  to  issue  by  means 
of  many  holes  from  a  pipe  at  the  bottom  of  a  vessel  filled  with 
sulphuric  acid ;  the  vapours  pass  in  a  zigzag  manner  over  several 
plates,  over  which  fresh  acid  is  running  down.  [It  is  not  stated 
what  material  the  vessel  is  to  consist  of.  This  proposal  is  not 
sufficiently  worked  out  to  he  practical,  and  the  utilization  of  the 
hot  air  will  hardly  be  very  efficient.] 

A  process  which  has  been  thoroughly  worked  out,  and  is  now 
introduced  at  a  number  of  French  and  German  factories,  is  that 
of  L.  Kessler  (Engl.  pat.  19215,  1891).  I  am  indebted  for  the 
following  particulars,  as  well  as  the  drawings  figs.  244  to  246,  to 
the  inventor,  and  I  have  myself  seen  the  process  in  operation  at 
Clermont-  Ferrand . 

The  task  in  question  requires  several  conditions  to  be  fulfilled. 
The  current  of  hot  air  must  be  brought  into  contact  with  a 
sufficiently  large  surface  of  liquid  to  immediately  reduce  its  tem- 
perature to  a  great  extent.  The  air  must  then  be  completely 
saturated  with  steam  and  acid  vapour.  The  apparatus  must  not 
merely  resist  the  action  of  the  hot  air  and  hot  acid,  but  it  must  be 
constructed  in  such  manner  that  the  inevitably  formed  deposits 
and  crusts  do  not  give  any  trouble.  Under  these  circumstances 
the  acid  can  be  concentrated  far  below  its  boiling-point.  In  order 
to  produce  acid  of  95  per  cent.,  boiling  at  284°  C,  the  temperature 
I  need  not  exceed  170^  or  180°;  for  the  most  highly  concentrated 

'  acid,  boiling  at  320°,  200°  to  280°  is  sufficient. 
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In  order  to  express  both  functions  of  this  part  of  the  apparatus 
visible  at  c,  Kessler  calls  it  ^^  saturex/'  because  it  saturates  the 
fire-gases  with  acid  vapours^  and  it  extinguishes  the  greatest  part 
of  their  heat.  The  gases  enter  the  "  saturex ''  at  300°  to  450^  C, 
and  leave  it  at  150^.  The  acid  vapour  contained  therein  is  kept 
back  in  the  '•recuperator'*  mounted  above  the  ''saturex/'  This 
part  of  the  apparatus  entirely  resembles  the  dephlgmating  columns 
employed  in  the  rectification  of  spirit  of  wine.  It  is  fed  with 
chamber-acid^  previously  employed  for  cooling  the  hot,  strong 
acid  issuing  from  the  "  saturex.''  This  acid  is  divided  over  the 
numerous  holes  of  the  top  plate,  and  gradually  descends  on  to  the 
four  lower  plates  of  the  recuperator.  In  doing  so  it  meets  the 
hot  air  and  vapour  issuing  from  the  saturex,  and  drawn  through 
the  liquid  acid  by  applying  suction  at  the  end.  In  the  recuperator 
the  temperature  sinks  to  85^  C:  this  causes  nearly  the  whole  of 
the  acid  vapour  to  condense,  while  the  steam  is  not  condensed,  nor 
is  there  much  fresh  formed  here.  This  is  important,  since  any 
concentration  of  the  acid  in  this  place  would  cause  deposits  which 
would  soon  obstruct  the  holes  in  the  plates. 

Although  the  gases  escaping  from  the  recuperator  contain  next 
to  no  real  acid  vapour,  they  contain  some  acid  in  the  shape  of  mist, 
as  well  as  some  vapour  of  sulphuric  anhydride.  This  mist  is 
retained  by  two  boxes  filled  with  dry  coke;  a  little  water  con- 
densing here  converts  the  SOg  into  SO4HS.  The  weak  acid  thus 
formed  may  be  passed  through  the  recuperator.  The  gases  now 
issue  into  the  air,  moderately  warm  and  perfectly  free  from  acid^ 
but  charged  with  all  the  steam  driven  out  of  the  chamber-acid. 
The  distilling  acid  is  thus  completely  condensed  without  the 
necessity  of  employing  any  cooling- water. 

Figs.  244  and  245  show  the  apparatus.  Fig.  244  is  a  longitudinal 
section  through  line  J  K;  fig.  245  a  cross  section  through  the 
'^  saturex "  according  to  line  m,  n ;  fig.  246  an  enlarged  section 
through  some  of  the  plates  of  the  "  recuperator."  a  is  the  fire* 
place,  here  shown  as  a  sample  grating,  but  in  reality  a  gas- 
producer,  with  gas-coke  as  fuel.  The  fire-gases  pass  through  a 
cast-iron  pipe  b,  flattened  below  so  as  to  cover  the  whole  breadth 
of  the  saturex  c.  This  is  a  trough,  composed  of  acid-proof  stone 
slabs,  surrounded  by  a  thick  lead  jacket  and  placed  upon  an  open 
foundation.  The  stone  must  resist  hot  acid  and  hot  gases,  e.  ff. 
Tolvic  lava ;  but  even  if  it  were  somewhat  porous,  the  lead  jacket 
would  retain  any  acid  penetrating  through  the  stone,  a  little  saud 
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being  put  between  the  stone  and  lead.  The  latter  in  actual  work 
feels  only  moderately  hot.  Between  the  bottom  and  the  cover  of 
the  *^  saturex  "  there  are  several  thin  partitions^  d,  d,  which  force 
the  fire-gases,  entering  at  300°  or  450®  C,  to  circulate  over  the 
level  of  the  acid  in  c ;  when  passing  from  one  of  these  flues  to 
another  they  are  forced  almost  through  the  acid  itself,  and  are  there- 
fore quickly  brought  down  to  150°  C;  the  acid  just  as  quickly 
gives  up  its  water  and  even  some  acid  vapour,  and  continuously 
runs  off  at  y  in  the  concentrated  state  into  a  cooler  o. 

The  '* recuperator''  contains  three  lower  stone  plates,  e,  e,  e,  and 
two  upper  lead  plates,  e^,  e\  all  of  them  arranged  as  shown  in 
flg.  246.  Each  plate  has  100  holes  with  somewhat  raised  margin, 
so  that  a  thin  layer  of  acid  remains  standing  upon  it.  The 
caps  Qy  g,  made  of  porcelain  with  jagged  edges,  produce  a  hydraulic 
seal  or  at  least  a  great  resistance  to  the  passage  of  the  air.  The 
acid  arrives  as  chamber-acid  of  spec.  grav.  1*58  through  pipe  a:, 
and  by  the  overflows/, /it  runs  from  one  plate  to  another,  finally 
into  the  saturex.  The  gases  coming  from  the  latter  are  by  an 
injector  drawn  through  the  holes,  from  underneath  the  porcelain 
cups  g^  g^  and  are  thus  brought  into  intimate  contact  with  the 
liquid,  r,  r'  are  thermometers,  which  serve  for  regulating  the 
work :  the  lower,  r,  ought  to  show  about  150°  C;  the  upper,  r',  about 
85^  C.  «  is  a  pressure-gauge  for  the  aspiration  ;  A  the  pipe  leading 
to  the  coke-boxes.  The  concentration  can  be  driven  to  98  per  cent. 
H2SO4,  and  the  most  impure  Glover  acid  can  be  used,  because  in 
the  recuperator  there  is  no  evaporation,  and  therefore  no  formation 
of  crusts ;  and  in  the  saturex  the  latter  can  collect  for  a  long  time 
without  interfering  with  the  process,  and  can  be  removed  through 
cleaning-holes  with  hardly  any  interruption  of  the  work.  The 
fuel  consumed  is  8  parts  small  gas-coke  for  the  gns-producer  and 
3  or  4  parts  coal  for  raising  steam  for  the  exhauster,  to  produce 
100  parts  acid  of  1*838  from  such  of  1*58.  There  is  no  weak  acid, 
no  cooling- water;  the  apparatus  takes  up  very  little  space  and 
requires  hardly  any  repairs.  The  acid  is  quite  limpid  and  free 
from  nitrogen  compounds. 

Falding  (Engl.  pat.  17602,  1893)  constructs  the  pyrites-kilns 
with  hollow  walls,  by  which  the  air  passing  through  is  heated,  and 
can  at  will  be  introduced  below  the  grates.  The  hot  burner  gases 
are  used  for  concentrating  sulphuric  acid,  by  passing  them  first 
into  a  small  tower,  consisting  of  specially  acid-  and  heat-proof 
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material^  surrounded  by  a  somewhat  distant  lead  shell.  This  tower 
is  placed  between  the  burners  and  the  Glover  tower,  and  receives 
the  acid  coming  from  the  latter^  which  is  here  concentrated  to 
66^  Be.  The  gases  pass  first  into  this  intermediate  tower^  then 
into  the  Glover  tower.  [This  process  is  very  cheap^  but  the  acid 
cannot  be  obtained  in  a  state  of  great  purity.] 

Vol.  I.  p.  788.  Concentration  of  Sulphuric  Acid  in  a  vacuum. — 
The  drawbacks  hitherto  noticed  in  this  process  are  to  be  avoided 
as  follows,  according  to  J.  Meyer  (Germ.  pat.  71580.)  He 
combines  a  lead  vessel  with  an  iron  vessel;  the  latter,  which 
receives  the  acid  in  an  already  concentrated  state,  communicated 
with  the  air-pump.  The  pan-bottom  is  slightly  inclined  to  one 
side.  The  dilute  acid  comes  in  contact  only  with  lead,  the  strong 
acid  with  iron  or  platinum.  The  concentrating-apparatus  is  best 
connected  with  a  distilling-apparatus  working  at  the  same  vacuum^ 
and  continually  receiving  the  concentrated  acid  through  a  siphon. 
[It  is  not  shown  here  how  the  old  difficulty  of  making  the  lead 
stanct  the  outer  atmospheric  pressure  is  to  be  overcome.] 

Brown  and  Georgeot  (French  pat.  241815)  state  a  theory  as  to 
the  concentration  in  vacuo  in  which  there  is  nothing  new. 

Concentration  of  Sulphuric  Add  by  £&c/r«ci7y .— Bucherer 
(Chem.  Zeit.  1893,  p.  1597)  makes  the  following  calculation : — 
The  production  of  100  kil.  acid  of  QQP  Be.  from  117  kil.  acid  of 
60^  B.  requires  32,679  large  calories,  corresponding  to 

32679 x4-2xl0»     ..^   ,    ..    ,  „  ,.  , 

—  736  X  3600-=^'2  ^^^^"^^^  ^'^*  ^^^'^ '• 

calculating  the  electrical  H.P.  hour=  ^d.,  the  above  is  equal  to  .£1 
per  ton  (on  the  large  scale).  Further  estimates  of  the  amperage 
and  voltage,  the  platinum  surface^  &c.,  must  be  passed  over  here 
as  being  entirely  hypothetical. 

Haussermann  and  Niethammer  (Chem.  Zeit.  1893,  p.  1907)  have 
made  actual  experiments  on  this  point.  As  might  be  expected, 
only  alternating  currents  can  be  employed,  since  otherwise  an 
electrolysis  takes  place.  The  concentration  is  very  easy,  but 
requires  1490  watt-hours  per  kil.  This  seems  to  exclude  every 
possibility  of  practical  application. 

Peuchen  and  Clarke  (Engl.  pat.  24739,  1893)  proi)ose  both 
purifying  and  concentrating  sulphuric  (and  acetic)  acid  by  the 
electric  current,  ultimately  proceeding  up  to  distillation.     They 
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proposed  electrodes  mechanically  revolving  round  a  hollow  shaft 
within  the  boiling  acid!  A  fresh  patent  of  theirs  (Germ.  pat. 
No.  83526)  describes  stationary  electrodes  for  the  same  purpose. 

Wacker  (Engl.  pat.  3183, 1895)  proposes  concentrating  sulphuric 
acid  by  electricity,  with  introduction  of  SO^. 

Vol.  I.  p.  772.  Cost'price  of  Sulphuric  Add  in  America. — 
Stahl  (Zsch.  f.  angew.  Chem.  1893,  p.  54)  considers  former  state- 
ments of  Adams  and  Kelley  to  be  erroneous.  According  to  him, 
the  cost  of  producing  chamber-acid  of  50^  Be.  in  the  east  of  the 
United  States  is  as  follows  (in  bulk) : — 

A.  From  Brimstone. 

2-5  tons  brimstone  (5600  lbs.)  at  »21  S52-50 

225  lbs.  nitrate  of  soda  4*50 

200  lbs.  sulphuric  acid  60°  B^.  at  SO-40  088 

4  men,  including  firemen    6*00 

Wear  and  tear  of  burners,  chambers,  buildings. . .  5*40 

Repairs 270 

Coals,  lighting,  &c 2*00 

Management    6*00 

Capital  interest    5*00 

13'5  tons  chamber-acid  cost  S83  9d 

I  ton  „  „       6-22 

B.  FVom  Pyrites. 

5*5  tons  pyrites  (37  per  cent,  avail,  sulphur)  at  S6  S33*00 

180  lbs.  nitrate  of  soda  3*60 

250  lbs.  sulphuric  acid  60°  B^ 100 

Breaking  pyrites  and  removing  cinders    1*40 

6  men,  including  firemen   9*00 

Wear  and  tear  of  burners,  buildings,  chambers  5*50 

Repairs 2*75 

Coals,  lighting,  &c 2*00 

Management    5*00 

Capital  interest    5  '50 

II  tons  chamber-acid  cost S68*75 

1  ton        „  „        6-25 

The  purification  from  arsenic,  if  there  is  very  little  present, 
costs  10  cents  per  ton. 
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Hence  the  costs  are  about  the  same,  if  a  ton  of  pyrites  with 
37  per  cent,  available  sulphur  costs  S6*00^  that  is  $16*20  for  the 
sulphur  contained  therein^  against  S21  for  Sicilian  sulphur.  The 
difference  of  Sl'80  represents  the  lower  value  of  available  pyrites 
sulphur  in  comparison  with  Sicilian  brimstone.  In  the  case  of 
Spanish  or  other  pyrites  rich  in  arsenic,  the  difference  in  value 
must  be  taken =$1-50  more,  or=$6'30.  If,  for  instance,  such 
pyrites  with  47  per  cent,  sulphur  costs  $8,  the  sulphur  therein 
costs  $17*00  per  ton,  and  this  is  the  equivalent  of  a  price  of  $2330 
for  Sicilian  sulphur. 

Cost  of  manufacturing  Sulphuric  Acid  from  Pyrites  and  Sulphur 
in  the  United  States. — From  comparative  tables  which  William 
Wilke,  M.E.,  and  Dr.  H.  P.  Weidig,  of  Newark,  have  drawn  up, 
I  quote,  with  their  permission,  the  following  figures,  choosing  a 
medium  plant  for  producing  10,000  tons  of  sulphuric  acid  per 
annum  (evidently  chamber-acid  of  about  50^  Be.  is  meant)  : — 


1  Glorer  tower  •<« 

2  Gaj-Lussaes 

32  Fiirnaces 

Cost  of  whole  plant  (frame  build- 
ings)      

Cost  of  whole  plant  (brick  build- 
ing*)      

Pyrites  49  ^  avail.  S  @   7  8 

(long  ton)    

Sulphur  @  17  8  per  2000 Ibe.  ... 

Nitre  (^  2  c.  per  lb 

Coal  for  air  and  steam 

Total  cost  of  material    

Labour:  1  manager  

cbambermen    

furnaoemen 

„         labourers 

Total  cost  of  labour  

Bepairs    

Interest  6  7o  on  plant  and  work- 
ing expenses     

Insurance,  taxes,  water,  and  office 

expenses  

Depreciation  of  plant 

Total  cost  of  yearly  output  ...... 

„        per  ton  acid  


Ptsitbs. 

12x12x25  ft. 
6x35  ft. 
5  ft.  kilns. 

58,000  8 

73,0008 

3776*68  tons.     26436  8 


t  •  •  •  • » •  • 


If 
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I860  „ 

2400  „ 

30,496  „ 

*     1500  „ 

(2)  1400  „ 

(4)  2200  „ 

(4)  1600  „ 

6700  „ 

1000  „ 

6180  „ 

6342  „ 

(2P/,)  1300  „ 

50,718  „ 

^•07  „ 


Sulphur, 

1:12x12x25  ft. 
2: 6x35  ft. 
1:16x20  It.  Furnace. 

50,0008 

62,000  8 

2075  tons  35,275  S 

1660  „ 

1800  „ 

38,736  „ 

1500  „ 

(2)  1400  „ 

(2)  1100  ,. 

(1)    400,, 

4400  „ 

700  ., 

6000  „ 


I 


C200  „ 

.(lio/o)1120  „ 

56.035  „ 
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Vol.  I.  pp.  77^  and  809.  Utilization  of  pyrites^cinders  and 
purple-ore  in  blast-furnaces, — Henzel  (Germ.  pat.  appl.  H, 
No.  12573)  mixes  pyrites-cinders  with  from  5  to  40  per  cent, 
ground  clay  and  a  little  water,  and  charges  the  mixture  by  means 
of  spades,  or  previously  moulded  into  bricks,  into  a  blast-furnace. 
The  powdered  ore  is  kept  together  by  a  superficial  fusion  of  the 
aluminium  silicate,  but  remains  porous  and  permeable  for  the 
reducing  gases. 

[One  cannot  understand  how  such  a  simple  application  of 
extremely  old  technical  principles  could  form  the  subject  of  a 
patent.] 

The  Georgs-Marien-Hiittenverein  (Germ.  pat.  61061)  heats 
bricks,  moulded  from  pyrites-cinders^  by  a  special  fire  to  the 
sintering  point. 

Wust  (Germ.  pat.  82120)  mixes  pyrites-cinders  with  7  percent, 
silicate  of  soda,  moulds  the  mixture  by  pressing,  and  exposes  it  at 
a  moderate  temperature  to  the  action  of  carbonic  acid,  by  which 
free  silica  and  sodium  carbonate  are  formed.  The  silica  acts  as 
a  cement;  the  sodium  carbonate  promotes  the  fusion  of  the 
slag,  and  prevents  the  sulphur  contained  in  the  cinders  from 
passing  into  the  pig-iron.  [If  the  application  of  silicate  of 
soda  is  not  too  expensive,  its  decomposition  would  be  more 
easily  and  quickly  obtained  by  the  waste  acid  liquors  formed  at 
most  works.] 

The  Duisburg  Copper-works  (Germ.  pat.  appl.  D  6242)  mix 
pyrites-cinders  with  ground  furnace  scale  (magnetic  oxide  of  iron) 
or  similar  slags,  if  necessary  also  with  lime,  mould  the  mixture 
into  bricks  and  dry  these.  According  to  whether  lime  has  been 
employed  or  not,  from  5  to  20  per  cent,  of  slags  is  required.  The 
product  is  sufiiciently  firm  for  use  in  blast-furnaces ;  owing  to  the 
admixture  of  slag,  it  is  also  porous  and  accessible  for  the  reducing 
gases. 

In  England)  bricks  of  purple-ore  are  made  without  any  cement- 
ing substance,  merely  by  strong  pressure,  for  use  in  Siemens- 
Martin  furnaces  (Zsch.  f.  angew.  Chem.  1894,  p.  9). 

A.  &  P.  Buisiue  (Vol.  II.  p.  890)   employ  moistened  pyrites- 
cinders  for  absorbing  hydrogen  chloride  from   gases   containing 
very  little  HCl.     Or  else  they  convert  them  by  heating  with  sul- 
phuric acid  into  ferric  sulphate  (Compt.  Uend.  1892,  cxy.  p.  51). 
(   Buisine  (Germ.  pat.  73222)  also  describes  a  process  for  r&- 
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covering  from  pyrites  cinders  ferrous  sulphate  and  free  sulphur  by 
the  following  reactions : — 

FejO,  +  8  H2SO4 = Fes(S04)3 + 8  H,0, 
FejSs  +  2  H,S04 = 2  FeS04  +  S  -h  2  H,S, 
FeS  +  HjSO*      =  FeSO^  +  H^S, 
H^S  +  Fe,(SOJs=2  FeSO^  +  H,S04+  S, 
8HjSh-H,S04    s=4S  +  4H,0. 

The  ultimate  products  of  these  reactions,  apart  from  steam^  are 
only  ferrous  sulphate  and  free  sulphur,  which  are  easily  separated. 

Vol.  I.  p.  784.  Copper  extrcLction  from  pyrites^cinders. — J  urisch 
(Chem.  lud.  1894,  p.  878)  publishes  very  extensive  notes,  by 
the  late  E.  A.  Mebus,  which  do  not  modify  our  own  description 
in  any  essential  point,  but  which  are  of  interest  for  those  working 
in  this  special  field.  This  especially  holds  good  of  the  part 
referring  to  the  recovery  of  silver. 

Vol.  I.  p.  813.  Treatment  of  the  copper  Uquor. — Hopfner 
(Germ.  pat.  66096)  adds  so  much  NaCl  or  CUSO4,  that  the  pro- 
portion Na8S04  +  CuCls  is  attained;  then  he  adds  metallic  copper, 
whereby  all  the  copper  is  precipitated  as  cuprous  chloride, 
together  with  the  silver  in  the  metallic  shape.  From  the  mother 
liquor,  sulphate  of  soda  is  recoverable.  Other  modifications  are 
also  proposed. 

Vol.  I.  p.  829.  Utilization  of  waste  sulphate  Uquor  from  the 
wet  copper  extraction, — Orabowski  (Germ.  pat.  71917)  concen- 
trates the  liquor  by  evaporation  and  crystallization  of  Glauber^s 
salt  to  spec.  grav.  1*56 ;  he  then  applies  to  them  an  electric  current 
of  great  intensity,  with  lead  and  copper  electrodes,  by  which 
arsenic  and  antimony  are  precipitated  as  metals  at  the  cathode. 

Brewer  (£ngl.  pat.  No.  1848,  1895)  adds  to  the  liquor  a  sufii* 
cient  quantity  of  c^cium-chloride  solution,  separates  the  resulting 
solution  from  the  precipitated  calcium  sulphate  (pearl-hardening), 
removes  the  silver,  and  afterwards  the  iron  by  calcium  carbonate 
(in  the  shape  of  '^  caustic  mud ''),  then  nickel,  cobalt,  and  man« 
ganese  by  bleaching-powder.  This  treatment  practically  leaves 
only  the  chlorides  of  sine  and  calcium  in  the  solution,  which  is 
electrolysed  in  order  to  obtain  metallic  zinc  and  free  chlorine. 

Vol.  I.  p.  882.  Production  of  copper  and  precious  metals  from 
pyriteS'Cinders. — Mr.  John  Hargreaves  informs  me  of  the  following 
results,  obtained  in  1877  by  the  patent  process,  mentioned  in  th^ 
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text  only  by  title.  He  treats  the  pyrites-cinders^  obtained  in  the 
usual  manner^  in  a  closed  chamber  with  fire-gases  and  excess  of 
air,  in  order  to  barn  all  the  residual  sulphur ;  the  mass  is  allowed 
to  cool  down  to  the  point  were  no  cupric  chloride  can  be  volati- 
lized, and  is  then  treated  with  gaseous  HCl  till  it  is  sufSciently 
decomposed.  It  is  then  lixiviated  with  water  in  tanks,  after  being 
moistened  with  strong  hydrochloric  acid ;  the  residual  ferric  oxide 
is  obtained  in  lumps,  which  are  immediately  ready  for  the  blast- 
furnace. 

The  cinders  originally  employed  contained,  according  to  the 
size  of  the  grain,  from  100  to  1*09  per  cent.  Cu  in  a  shape  soluble 
in  water,  0*71  to  1*09  soluble  in  hydrochloric  acid,  1*61  to  2*79 
insoluble.  They  were  passed  through  a  sieve  with  7  meshes  per 
linear  inch,  and  chlorinated  as  above  described.  The  average  from 
the  upper  part  of  the  chamber  then  tested  3*90  per  cent.  Cu 
soluble  in  water,  0*63  soluble  in  weak  hydrochloric  acid,  0*56 
insoluble;  from  the  lower  part  of  the  chamber  3*51,  0*77,  and 
0*28  per  cent,  respectively.  *  The  treatment  for  burning  the 
residual  sulphur  lasted  from  26  to  96  hours,  the  chlorination 
from  24  to  72  hours.  The  liquors  contained  pretty  much  silver 
and  a  little  gold;  the  washed  residue  contains  only  0*8  to  0*12 
per  cent,  copper.  (I  am  not  aware  whether  this  process  is  now 
actually  at  work  or  not.) 

Vol.  I.  p.  862.  Manufacture  of  fuming  oil  of  vitriol  (anhy' 
drous  sulphuric  acid). — ^At  a  large  German  works  pure  SO^i, 
obtained  by  the  Schroder  and  Hanisch  process^  or  in  some  other 
way,  is  mixed  with  the  necessary  quantity  of  air ;  the  mixture  is 
heated  to  the  required  temperature  in  a  pipe«stove,  and  is  then 
passed  through  an  apparatus  containing  clay-balls  impregnated 
with  platinum  black,  similar  to  a  Deacon  decomposer  (oomp.  this 
volume,  p.  390).  This  apparatus  requires  no  external  heating, 
since  Uie  gaseous  mixture  develops  heat  in  the  combination  of 
SOs-f  O,  and  needs  only  to  be  protected  from  cooling. 

It  is  asserted  that,  by  employing  strong  pressure  by  means  of 
bronze  blowing-engines  (air-compressors),  it  is  possible  to  make 
SOs  directly  from  pyrites-burner  gas  cheaply  enough  to  employ  it 
for  bringing  chamber-acid  up  to  the  strength  of  '*  rectified  oil  of 
vitriol,^'  in  lieu  of  concentration  by  evaporation,  or  even  to 
manufacture  ordinary  sulphuric  acid  in  this  way,  and  thus  to  do 
away  with  lead  chambers  I 


816  ADDENDA. 

Vol.  T.  p.  865.  Fuminff  Sulphuric  Acid  produced  by  Electricity, 
— Some  more  details  respecting  Ldon's  process,  mentioned  in  the 
text,  are  given  in  his  German  patent  No.  57118).  He  works  in 
a  cast-iron  tank,  cooled  from  without  and  covered  with  a  slate  slab. 
In  the  centre  is  the  hollow  platinum  anode,  with  a  water-cooled 
brass  box  inside.  It  is  surrounded  by  an  open,  annular  cathode, 
provided  with  open  passages  at  the  bottom,  and  supported  hj 
glass-coated  copper  rods,  ending  in  platinum  caps.  With  currents 
of  very  low  density  (O'l  amp.  to  1  square  centimetre),  in  which 
case  the  voltage  can  be  lowered  to  2*5,  the  electrodes  are  3  centi- 
metres high,  and  consist  of  crude  copper,  coated  on  both  sides 
with  platinum-foil  soldered  with  gold  ;  these  are  coiled  in  a 
spiral  shape  and  kept  at  a  proper  distance  by  glass  rods  and 
asbestos  cord.  Per  hour  1  kg.  anhydrous  acid  [monohydrate  ?] 
can  be  produced  with  an  expenditure  of  0*9  H.P.,  or  1  kg.  fuming 
acid  of  68°  Be.  with  an  expenditure  of  1*2  H.P. 

Vol.  I.  p.  865.  Analysis  of  fuming  Sulphuric  Acid. — In  Zsch. 
f .  angew.  Chem.  1895,  p.  221,  I  have  drawn  attention  to  the  fact 
that  in  allowing  for  the  SOs  sometimes  a  serious  mi^ke  is  com- 
mitted. The  SOs  is  always  tested  for  by  iodine  solution,  and  is 
then  subtracted  from  the  total  acidity.  Here  we  must  consider 
that  the  neutrality-point  in  the  case  of  phenolphthalein  is  reached 
when  1  S0|  has  been  combined  with  2NaOH,  but  in  the  case  of 
methyl-orange  only  1  NaOH  is  consumed  for  1  SO^.  Litmus 
cannot  be  used  at  all,  as  it  gives  imcertain  results  between  these 
two  limits.  With  methyl-orange  1  c.  c.  normal  soda  solution 
indicates  0040  gram  SO,,  but  0064  gram  SO,.  Hence  for  each 
€.  c.  of  decinormal  iodine  solution  only  0*05  c.  c.  of  normal,  or 
01  c.  c.  of  semi-normal  solution  of  NaOII  must  be  deducted.  If 
this  is  overlooked,  a  very  serious  mistake  is  committed ;  for  since 
everything  which  is  not  present  as  SO,  or  SOs  is  assumed  to  be 
water,  the  incorrect  allowance  for  SO^  will  cause  not  merely  a 
deficiency  of  SO,,  but  a  surplus  of  HjO,  and  as  this  must  be 
'represented  as  combined  with  4*444  its  weight  of  water,  far  too 
little  free  SO,  is  found. 

A  practical  instance  will  illustrate  this.  3*5662  grams  fuming 
acid  were  diluted  to  500  c.  c.  and  100  c.  c, =0*71124  gram^ 
employed  for  each  test.  This  consumed  5*40  c.  c.  iodine  solu- 
tion, =5-40 X 00032=0*01728  gram  SO,  or  2*43  per  cent.  SO,. 
On  titrating  with  semi-normal  soda  solution  and  methyl-orange^ 
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34*40  c.  c.  waa  used.  By  erroneously  deducting  0*2  x  5*40= 1*08 
c.  c,  there  remained  83'82  c.  c.  =0-6664  gram  SO,  or  93-70  per 
cent.  The  fuming  acid  therefore  would  have  contained  93*70  per 
^nt.  SOs,  2-48  SO,,  387  Hfi,  The  3-87  H^O  is  =17-20  SOj, 
:and  the^etf  SO,  would  be  =9370—17*20  =576*50  per  cent. 

In  reality  the  5-40  c.  c.  decinormal  iodine  corresponds  to  only 
•0-54  c.  c.  seminormal  soda,  leaving  33-86  c.  c. =0*6772  gram 
'803=95-21  per  cent.  Composition  of  the  acid:  95*21  per  cent. 
SOj,  2-43  SO3,  2-36  H2O.  The  2*86  H,0  is  =1049  SO,,  leaving 
•95*21  — 10-49=84-72  per  cent,  free  SOg.  Hence  by  that  erroneous 
calculation  the  factory  committed  an  error  of  8-25  per  cent,  to  its 
own  disadvantage ! 

Exactly  the  same  result  is  obtained  when  performing  the  calcu-^ 
lation  by  the  aid  of  Guehm's  table  (Vol.  I.  p.  870) ;  but  the  use 
of  this  table  involves  far  more  trouble  and  time  than  the  direct 
calculation  as  above,  where  SO,  has  to  be  allowed  for  (which  is 
idways  the  case  in  practice). 

We  have,  as  already  mentioned,  assumed  everything  as  H^O 
which  has  not  been  found  to  be  present  as  SO3  and  SO,.  But  it 
is  advisable  to  estimate  the  fixed  impurities  as  well,  since  otherwise 
their  weight,  multiplied  by  4*444,  is  erroneously  deducted  from 
tthe  free  SO3. 

Vol.  I.  p.  875.  Preparation  of  Sulphuric  Acid  by  Electrolysis 
of  Sulphurous  Acid. — Wacher  (Germ.  pat.  applic.  W  10532, 1894, 
and  10591>  1895)  proposes  to  prepare  concentrated  sulphuric  acid 
by  electrolyzing  water  or  dilute  sulphuric  acid,  through  which  a 
continuous  stream  of  SO2  is  being  passed.  He  employs  an 
•earthenware  vessel,  divided  into  two  cells  by  a  porous  earthen- 
ware diaphragm.  Into  the  anode  cell  a  slow  stream  of  SOs  is 
introduced.  In  the  cathode  cell  a  magma  of  sulphur  is  formed, 
but  little  HjS  being  given  off.  If  hydrochloric  acid  is  added,  no 
-sulphur  is  separated,  the  chlorine  formed  by  electrolysis  directly 
oxidizing  the  SOj.  Other  oxygen  carriers  may  also  be  employed, 
such  as  sodium  chloride  or  sodium  sulphate,  which  acts  by  forming 
persulphuric  acid ;  or  else  chlorates,  nitrates,  and  so  forth.  [This 
process,  in  its  present  form,  is  a  very  peculiar  one.] 

Vol.  I.  p.  875.  Barbier^s  apparatus  for  manufacturing  Sulphuric 
Acid  consists  of  six  towers,  arranged  in  steps,  packed  with  hollow 
pieces  of  sandstone,  quartz,  or  the  like.  Burner-gas  enters  the 
tbottom  tower  and   passes  through  them  all.      The  towers  are 
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connected   alternately  at  top   and   bottom;   the  last  serves   a» 
Oaj-Lussac.     Nitrons  vaponrs  and  steam  are  introduced  from  a 
concentrating-pan  fired  from  without.     The  acid  formed  in  the 
towers  drops  into  concentrating-pans  placed  below  their   open 
bottoms,  or  into  a  collecting-vessel.    They  are  fed  with  a  mixture 
of  sulphuric  and  nitric  acid,  if  necessary  also  with  steam.     Private 
reports  concerning  Barbier's  apparatus  mention  an  excessive  con- 
sumption of  nitric  acid  and  also  obstructions.     The  high  royalty 
has  also  acted  as  a  check  upon  experiments  with  it.     Candiani 
(Chem.  Ind.  1895,  p.  153)  remarks  that  the  only  Italian  factory 
which   had   introduced    Barbier's   process    had    not    been   very 
successful  with  it.     Boissieu   (Bull.  Soc.  Chira.   (3)   xi.  p.  726) 
asserts  that  the  Barbier  system  has  answered  very  well,  but  he 
unfortunately  does  not  quote  any  figures  or  other  proofs  for  th.i» 
assertion. 

Staub  (Engl.  pat.  12675,  1894)  describes  a  set  of  five  towers,, 
packed  with  specially  moulded  earthenware  pieces,  and  fed  with 
nitric  acid,  nitrous  vitriol,  &c. 

In  several  places  experiments  are  planned  or  in  progress  for 
making  sulphuric  acid  entirely  without  chambers.  This  is  mostly 
done  with  imitations  of  the  "  plate-columns  "  ('^  Lunge  towers  "). 
Theoretically  all  such  apparatus  will  enable  sulphuric  acid  to  be 
made.  But  up  to  the  present  I  consider  it  preferable  to  build  a 
lead  chamber,  say  one  third  of  the  ordinary  size,  behind  the 
Glover  tower,  in  which  the  intense  reaction  takes  place  and  the 
steam  jfrom  the  Glover  tower  is  utilized.  Then  follow  one  or 
more  plate-columns,  fed  with  dilute  acid  (30°  to  40°  B^.  =  52°  to 
76°  Tw.),  which  furnishes  the  water  for  the  formation  of  sulphuric 
acid,  gases,  vapours,  and  mist  being  brought  into  intimate  contact 
with  it.  If  necessary,  of  course,  water,  nitric  acid,  or  nitrous 
vitriol  may  be  introduced  here  as  well.  Between  the  plate-columns 
and  the  Gay-Lussac  towers  a  small  lead  chamber  would  be  useful 
for  drying  and  cooling  the  gas. 


Vol.  II.  pp.  30  and  65.  Natural  occurrence  of  Sulphate  of 
Soda  in  Wyoming^  U.S. — Detailed  communications  respecting  this 
are  made  by  Attfield,  Joum.  Soc.  Chem.  Ind.  1895,  p.  3. 

Vol.  II.  p.  61.  Natural  Soda,  containing  no  sulphate  and  hardly 
any  chloride  and  iron,  is  stated  to  occur  in  German  East  Africa 
(Joum.  Soc.  Chem.  Ind.  1895,  p.  616). 
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Vol.  II.  p.  107.  Commercial  alkalimeirical  degrees, — As  men- 
tioned in  the  text,  I  many  years  ago  opposed  the  utterly  fallacious 
''Liverpool  test,"  and  I  was  severely  criticized  for  doing  so. 
Unfortunately  the  hope  which  I  then  expressed^  that  this  test 
was  no  longer  in  use^  seems  to  have  been  unfounded;  for 
according  to  the  31st  Alkali  Report^  p.  G7,  Castner  famishes 
electrolytically  made  caustic  soda  at  78  to  79  per  cent.,  Liverpool 
test^  whereas  chemically  pure  NaOU  would  only  test  77*50  per 
cent,  real  Na^O  I 

Vol.  II.  p.  206.  Nuisance  in  drawing  the  salicake  out  of  the 
furnace, — The  pungent  vapours  inevitably  given  oflF  during  this 
operation,  which  at  all  events  greatly  distress  the  workmen,  even 
when  they  are  prevented  from  being  a  nuisance  to  the  neighbour- 
hood, are  entirely  prevented  by  allowing  a  fine  spray  of  water  to 
play  upon  the  hot  saltcake,  at  a  distance  of  about  three  feet,  from 
a  jet  exactly  like  those  very  advantageously  used  in  the  vitriol- 
chambers,  and  described  Vol.  I.  p.  424,  fig.  166.  This  fine  spray 
condenses  the  vapours  to  such  an  extent  that  (as  I  have  convinced 
myself)  no  smell  is  perceptible  close  by,  and  does  not  cause  the 
hot  sulphate  to  become  damp.  There  is  steam,  but  no  ''gas.'' 
This  simple  contrivance  deserves  serious  attention  with  a  view  to 
preventing  nuisance. 

Vol.  II.  p.  208.  Special  ways  of  manufacturing  saltcake. — 
Walker  (Engl.  pat.  No.  22853,  1854)  mixes  with  common  salt 
sufficient  sulphuric  acid  to  form  an  acid  sulphate,  which  is  treated 
in  one  of  the  following  ways : — Either  it  is  cooled,  roughly  ground, 
mixed  with  monosulphate  and  salt,  and  heated  in  a  second  furnace 
with  a  mechanical  stirrer ;  or  else  it  is  run  out  of  the  first  furnace 
in  the  fused  state  over  a  weir  into  another  compartment,  where 
the  above  mixture  also  takes  place.  To  obtain  nitric  acid, 
nitrate  of  soda  is  treated  in  the  same  manner.  [Neither  of  these 
processes  has  any  economical  value.} 

Vol.  II.  p.  225.  Continuous  mechanical  saltcake  pot  and  fur^ 
nace. — Thomson  and  Worsley  (Engl.  pat.  Nos.  21945  and  2194^6, 
1894)  employ  two  decomposing-pots  to  each  roasting-fumace. 
These  pots  are  fitted  with  stirrers  and  automatic  charging-appa- 
ratus,  by  which  the  supplies  of  salt  and  vitriol  are  regulated  so 
as  to  keep  the  vitriol  in  excess.  The  charge,  which  remains 
sufficiently  liquid,  flows  through  a  pipe  above  the  level  of  the 
agitator  into  the  roasting- furnace.     This  is  a  round  muffle-furnace, 
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heated  above  and  below,  the  revolving  top  carrying  stirrers  and 
ploughs,  which  mix  and  gradually  move  the  charge  towards  the 
outlet,  where  it  is  continuously  and  automatically  discharged.  As 
the  charge  passes  from  the  pot  into  the  furnace,  more  salt  is 
added  by  a  conveyer- worm,  in  proportion  to  the  excess  of  acid  in 
the  pot.  Thus  a  continuous  stream  of  hydrochloric  acid  is  evolved, 
nearly  free  from  water-vapour,  and  fit  for  the  manufacture  of 
chlorine  by  the  Deacon  process  without  further  drying. 

Vol.  II.  p.  286.  Percentage  of  iron  in  commercial  saltcake. — 
Ost  (Zsch.  f.  angew.  Chem.  1896,  p.  9)  found,  in  eight  samples  of 
saltcake  made  by  the  ordinary  process  in  iron  decomposing-pots, 
from  0*066  to  O'lSO  per  cent,  iron;  in  three  samples  made  in 
lead  pans,  from  0*009  to  0*029  per  cent.  iron.  All  of  these  are 
from  German  works  (of  which  24  decompose  salt  for  the  manu- 
facture of  saltcake).  The  plate-glass  works  require  a  guarantee 
that  the  iron  does  not  exceed  0*05  per  cent. 

Vol.  II.  p.  278.  A  modification  of  the  Hargreaves  process  by 
Bassett  and  Baranoff  (Engl.  pat.  21447,  1894)  produces  the  SO} 
intended  for  decomposing  the  NaCl  as  follows  : — Calcium  sulphate 
(natural  or  artificial)  is  mixed  with  carbon  and  heated  in  a  retort ; 
the  COs  given  off  is  utilized  later  on.  The  calcium  sulphide 
formed  is  moistened  with  water,  and  is  then  subjected,  in  an 
apparatus  similar  to  that  used  for  making  bleaching-powder,  to 
the  COj  from  the  first  reaction.  The  RgS  evolved  is  burned  into 
SOs  and  utilized  for  decomposing  NaCl.  The  residual  calcium 
carbonate  is  roasted  for  the  liberation  of  the  CO^  it  contains. 

Vol.  II.  p.  367.  Packing  of  Hydrochloric  Acid  condensers, — 
Doulton  and  Sanceau  (Engl.  pat.  14766  and  14768, 1894)  patent  the 
old  system  of  pottery  towers  packed  with  perforated  short  cylinders, 
and  perforated  discs  laid  upon  these,  or  tiles  perforated  in  various 
ways,  for  the  condensation  of  hydrochloric  and  nitric  acid.  Pre- 
cisely the  same  thing  is  mentioned  in  the  first  edition  of  this  work, 
and  again  in  the  second  edition,  loc.  cit. 

Barbier  (Engl.  pat.  14014,  1894)  describes  a  special  packing 
for  condensing-towers,  consisting  of  inverted  cells  with  perforated 
ends,  of  cylindrical  or  truncated  cone  shape ;  a  vertical  central 
cooling-shaft  supplies  cold  air.  The  perforated  ends  of  the  cells 
are  made  concave  to  retain  any  solid  particles  carried  over. 

VoL  II.  p.  869.  Feeding-apparatus  for  acid-condensers, — 
Schiller  (Zsch.  f.  angew.  Chem.  1895,  p.  378)  modifies  the  appa. 
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ratus  of  Baulin^  described  in  the  text^  in  a  very  judicious  way.  He 
divides  the  inner  limb  of  the  siphons  into  two  branches^  one  of 
which  dips  into  an  open  cup :  by  means  of  this  arrangement  the 
siphon  empties  itself  completely  at  every  run^  and  no  frothy 
mixture  of  air  and  water  is  formed.  The  inside  diameter  of 
the  siphons  is  best  =^  inch.  The  dimensions  of  the  various 
vessels  are  planned  so  that  for  a  certain  setting  of  the  tap 
they  are  all  filled  at  the  same  time,  e.  g.y  in  80  seconds ;  this  can 
be  altered  at  will  by  a  different  setting  of  the  tap,  and  the  quan- 
tity of  water  is  easily  measured  in  the  same  way.  Schiller  prefers 
as  dividing-apparatus  the  acid-wheel  with  a  glass  bulb  floating  on 
concentrated  sulphuric  acid  (p.  783),  and  a  bell  announcing  every 
revolution  (Vol.  I.  p.  526),  to  the  fixed  overflow  apparatus  and 
splash-plates. 

Vol.  II.  pp.  382  and  916.  Plate-towers  for  condensinff  Hydro^ 
chloric  Acid. — Lasche  (Zsch.  f.  angew.  Chem.  1895,  p.  374) 
reports  further  trials  with  the  Lunge-Bohrmann  plate-towers,  a 
little  wider  than  those  originally  employed  by  him  (comp.  Vol.  II* 
p.  916),  viz.  0'803  metre,  but  otherwise  constructed  in  the  same 
way,  viz.,  with  annular  bearers  and  quartz  packing  between  these 
and  the  outside  pipes.  Each  tower  possessed  30  plates  with 
7  mm.  holes,  and  30  with  60  mm.  holes.  The  acid  obtained 
averaged  20°-l  Be.  (=82°-5  Tw.)  at  15^  C.  The  yield  was  169-3 
parts  to  100  rock-salt.  By  removing  8  plates  and  putting  on 
6  feet  of  coke,  the  yield  was  increased  to  183  or  184  parts  of  acid. 
Lasche  ascribes  the  necessity  of  employing  this  layer  of  coke  to 
the  strong  draught  required;  but  he  believes  that  it  would  be  un- 
necessary in  the  case  of  plus-pressure  furnaces  (Vol.  II.  p.  191)  or 
when  employing  the  new  description  of  cylinders  shown  fig.  304, 
Vol.  II.  p«  920,  by  which  the  annular  bearers  and  the  quartz 
packing  are  abolished.  [Considering  the  slight  cost  of  this  small 
layer  of  coke  and  its  usefulness,  as  explained  Vol.  II.  p.  916, 1 
would  recommend  retaining  it.] 

Niedenfiihr  (Chem.  Zeit.  1896,  p.  33)  confirms  from  his  own 
experience  the  excellent  results  obtained  elsewhere  by  Lasche  with 
the  Lunge-Bohrmann  plate-towers  in  the  condensation  of  hydro- 
chloric acid,  which  in  his  case  was  rendered  more  than  usually 
difficult  by  the  employment  of  waste  acid  from  the  refining  of 
petroleum  for  decomposing  the  salt,  entailing  a  copious  evolution 
of  sulphur  dioxide. 
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Vol.  II.  p.  408.  PuUsometers  for  pumping  adds* — P.  Kestner, 
of  Lille^  has  greatly  improved  the  pulsometers  described  in  the 
text^  especially  by  modifying  the  valves,  which  are  no  longer  in 
contact  with  the  acid  and  are  made  of  gun-metal.  These  new 
pulsometers  are  used  both  for  sulphuric  acid  and,  made  of  ebonite, 
for  hydrochloric  acid. 

Vol.  II.  p.  426.  Carriage  of  Hydrochloric  Acid, — Kramer 
(Eogl.  pat.  No.  4684,  1895)  proposes  wooden  receptacles,  lined 
first  with  a  mixture  of  asbestos  and  silicate  of  soda,  and  afterwards 
with  paraffin-wax,  pitch,  coal-tar,  &c. 

Vol.  II.  p.  429.  Manufacture  of  Hydrochloric  Acid. — Lorens 
(Engl.  pat.  25073,  1894)  proposes  making  hydrochloric  acid  from 
electrolytically  or  otherwise  obtained  free  chlorine,  by  passing  the 
chlorine  simultaneously  with  steam  through  earthenware  retorts, 
charged  with  coke,  charcoal,  anthracite,  or  the  like,  and  heated 
to  a  dark  red  heat.  The  reaction  2C1  -h  H ,0  4-  C = 2HC1  -h  CO  i» 
stated  to  take  place  easily  and  quantitatively;  the  CO  can  be 
employed  for  heating  the  retorts.  [At  present,  of  course,  such  a 
process  is  utterly  impracticable  in  an  economical  sense;  but  it  is 
impossible  to  say  whether  the  future  may  not  bring  about  such 
changes  of  values  as  to  make  it  remunerative  to  turn  CI  into  HCl ; 
comp.  p.  710.] 

Vol.  II.  p.  593.  Lixiviation  of  black-ash. — ^The  process  described 
here  as  best  for  the  lixiviation  of  revolver-ash,  viz.  beginning  with 
cold  water  and  raising  the  temperature  of  the  strong  tank  by 
iojecting  a  little  steam  (preferably  into  the  overflow  from  the  pro- 
ceding  tank) ,  is  employed  at  many  works  for  hand-made  ash  as 
well,  and  with  the  best  results.  It  is  quite  possible  to  operate  in 
such  a  way  that  the  sulphide  and  sulphate  in  the  liquor  do  not 
exceed  that  found  by  testing  the  black-ash  in  the  laboratory,  and 
thus,  with  very  good  sulphate  and  faultless  balls,  to  turn  out  all 
the  soda-ash  at  57  per  cent,  real  (not  '^  Liverpool '')  strength,  as 
the  best  German  and  some  English  works  do.  But  for  this  pui  pose 
it  is  necessary  not  to  exceed  50^  C.  even  in  the  strong  tank ;  and  at 
this  comparatively  low  temperature  it  is  only  when  the  balls  are  as 
porous  as  possible  that  they  can  be  completely  washed.  The 
secret  of  this  seems  to  lie  in  forming  as  much  caustic  lime  as  pos* 
sible  in  the  ball-furnace,  which  can  be  effected  only  by  working  it 
at  the  greatest  heat  attainable.  The  caustic  lime,  by  slaking  as 
the  black-ash  is  brought  into  contact  with  water^  swells  up  and 
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causes  the  dense  mass  to  be  thoroughly  loosened.  It  would  appear 
that  this  cannot  be  done  to  a  sufficient  extent  by  a  mechanical 
mixture  of  lime,  i.  e.  Mactear's  process  (Vol.  II.  p.  543)^  but  only 
by  applying  enough  heat  to  causticize  a  sufficient  quantity  of  the 
•excess  of  calcium  carbonate  intimately  mixed  with  the  sodium 
carbonate  in  finished  black-ash.  Although  black-ash  made  in  this 
way  contains  more  caustic  lime  than  that  made  at  a  lower  heat> 
yet  the  liquor  obtained  from  it  contains  less  caustic  soda^  because, 
on  account  of  the  much  looser  state  of  the  black -ash,  the  lixivia* 
tion  takes  place  more  quickly  and  at  a  lower  temperature.  The 
caustic  soda  in  itself  is  not  a  very  serious  evil,  as  it  can  be  com- 
pletely removed  by  proper  carbonating ;  but  along  with  an  excess 
of  it,  owing  to  the  higher  temperature  and  longer  duration  of 
lixiviation,  a  good  deal  of  sodium  sulphide  is  also  formed,  thus 
seriously  deteriorating  the  quality  of  the  soda-ash. 

Vol.  IL  p.  609.  Carbonating  the  soda-liquors  and  finishing  the 
ash. — ^This  process  is  carried  on  at  Griesheim  as  follows  : — The 
liquor  is  first  thoroughly  settled  on  the  continuous  plan,  by 
running  it  through  a  number  of  large  tanks,  each  continually 
overflowing  at  the  opposite  end  into  the  next.  The  perfectly  clear 
liquor  is  run  down  an  iron  column  filled  with  coke.  Into  this 
enters  the  gas  from  a  boiling-down  pan  for  soda-crystal  mother- 
liquor,  heated  from  the  top.  This  gaseous  mixture  of  CO^,  O,  N, 
&c.  is  consequently  always  saturated  with  moisture  ;  so  that  the 
liquor  is  not  concentrated  in  the  carbonating-tower.  This  is  of 
im}>ortance,  as  it  has  been  found  that  liquors  above  50^  Twadd. 
are  not  easily  carbonated  through.  The  gas  is  aspirated  by  a 
small  air-pump,  and  forced  into  the  tower  at  the  top,  escaping 
lit  the  bottom  into  a  flue  leading  into  the  chimney.  If  the  gas 
enters  at  the  bottom,  crusts  are  formed  very  quickly,  which 
partially  stop  up  the  interstices  between  the  pieces  of  coke.  If 
the  plan  just  described  be  employed,  the  coke  can  go  for  several 
months  before  it  need  be  taken  out.  This  pumping  of  gas  through 
A  coke-tower  takes  very  much  less  power  than  the  Ludwigshafen 
process  (p.  609),  where  the  CO^  is  forced  through  a  column 
of  liquor. 

The  result  of  the  process  is  ascertained  by  testing  the  liquor  with 

turmeric  paper.     This  turns  yellowish  red  so  long  as  even  a  trace 

of  caustic  remains  in  the  liquor,  but  much  more  deeply  brownish 

,xed  when  there  is  no  caustic  present.     To  make  sure,  the  colour 
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of  the  paper  is  always  compared  with  that  of  another  paper  dipped 
into  a  strong  solution  of  pure  sodium  carbonate;  only  when  tbe- 
two  papers  are  quite  alike  in  colour  is  the  process  stopped  and  the 
liquor  (which  now  contains  a  little  bicarbonate)  run  off. 

Although  the  carbonating  takes  place  with  thoroughly  settled^ 
tank-liquor,  it  is  found  that   after  carbonation  the  liquor^  on 
being  heated,  deposits  many  impurities.     The  carbonated  liquor- 
therefore,  before  entering  the  Thelen  fishing-pan  (Vol.  II.  p.  653)^ 
is  run  through  three  or  four  tanks  in  succession,  in  which  it  is 
gradually   heated  up  to  80^  C,  as  the  waste  heat  of  the  pan- 
fire  (which  itself  is  only  the  waste  fire  of  a^  black- ash  furnace) 
passes  underneath  them;  and  on  its  way  again  a  good  deal  of 
deposit  is  formed,  which  of  course  must  not  be  disturbed  luitil  it 
is  time  to  remove  it  from  the  tanks. 

The  salt  formed  in  the  mechanical  fishing-pans  (which  in  this- 
instance  cannot  possibly  be  called  '^  black-salt ")  is  almost  pure 
monohydrated  sodium  carbonate ;  it  is  constantly  taken  out  by  the- 
scrapers,  and  carried  over  the  side  of  the  pan,  along  with  a  little 
mother  liquor.  Even  the  latter,  owing  to  the  careful  work,  is  so- 
pure  that  it  is  either  made  into  caustic  soda  of  high  strength  untkotU 
any  salting  out,  or  into  soda-crystals,  the  last  mother  liquor  of 
which  still  yields  soda-ash  of  90  per  cent.  Na^COs.  The  drained 
salt  itself  is  best  dried  in  any  ordinary  calcining  furnace  or  in  the 
new  Thelen  pan  (Vol.  II.  p.  662,  and  Vol.  III.  p.  88)  without 
any  trouble,  as  it  is  quite  free  from  caustic  and  sulphides ;  it  yields- 
regularly  soda-ash  of  98  per  cent.  NagCOs.  At  Griesheim  another 
mode  of  drying  was  preferred,  with  the  object  of  both  economizing 
fuel  and  obtaining  perfectly  white  soda-^ish  without  having  to- 
destroy  the  cyanogen  compounds.  The  salt  is  dried,  at  a  heat  not^ 
exceeding  150^  C,  in  cast-iron  retorts  exactly  similar  in  size  and 
shape  to  gas-retorts.  Each  retort  yields  4  cwt.  of  ash.  They  are- 
set  in  rows  and  heated  by  a  portion  of  the  waste  heat  from  the  black- 
ash  furnace,  which  has  also  done  the  boiling-down ;  so  that  both 
the  boiling-down  and  finishing  of  the  ash  require  no  fuel  whatever.. 
Care  must  be  taken  that  the  heat  does  not  exceed  150°  C, 
at  which  point  the  sodium  ferricyanide  is  not  yet  decomposed, 
and  therefore  the  ash  is  not  discoloured  at  all.  If  any  of  the 
retorts  are  allowed  to  get  too  hot,  the  salt  begins  to  colour  at 
once ;  but  this  is  easily  avoided,  as  the  fire-gases  have  been  pre- 
viously cooled  down  so  much  underneath  the  boiling-down  pans» 
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This  plan  requires  also  much  less  manual  labour  than  the  ordinary 
practice  of  boiling-down  and  finishing. 

Vol.  II.  pp.  658  and  662  (also  Vol.  III.  p.  88) .  Thelenpans.— 
According  to  information  received  from  the  Bhenania  Chemical 
Works  in  1895,  an  evaporating-pan  furnishes  2^  to  3^  tons  soda- 
ash  per  24  hours,  with  a  consumption  of  10  cwt.  of  coal  and  Is, 
for  wages  per  ton.  One  man  can  attend  to  three  pans,  if  coal 
and  ashes  are  carted  for  him ;  or  upon  five  pans,  if  the  heating  is 
performed  by  waste  heat  from  a  black-ash  furnace.  The  pan 
weighs  4^  tons,  the  machinery  7^  tons ;  power  required  ^  H.P. 

A  drying-pan  and  mill  furnish  in  24  hours  10  tons  soda-ash, 
with  a  consumption  of  |  to  1  cwt.  of  coal,  and  8^.  for  wages  per 
ton.  One  man  does  all  the  work  connected  with  the  apparatus, 
inclusive  of  packing  the  soda-ash.  Weight  of  shafting,  &c., 
3^  tons,  of  machinery  7^  tons,  of  the  cast-iron  pan  9  tons  (in  the 
case  of  ammonia-soda  pans  the  weight  of  the  cov^r  must  be  added 
to  this).     Power  required,  ^  H.P. 

Vol.  II.  p.  711.  Improving  the  colour  of  soda-crystah. — ^Three 
persons  named  Peak  and  a  Mr.  Haddock,  by  their  united  efforts, 
have  secured  an  English  patent  (No.  14894,  1894)  for  improving 
the  colour  of  soda-crystals  by  adding  to  the  liquors,  just  before 
they  begin  to  crystallize,  about  one  part  of  methylene  blue  B  to 
every  4000  parts  of  the  soda  liquor  !  The  novelty  of  this  **  in- 
vention ^'  is  about  equal  to  its  value. 

Vol.  II.  p.  714.  Manufacture  of  bicarbonate  of  soda, — ^The 
following  process  by  Carthaus  (Germ.  pat.  79221)  is  evidently 
intended  for  pharmaceutical  purposes,  as  it  would  be  otherwise 
too  dear.  Magnesite  or  dolomite  is  burned  and  treated  with 
water  and  carbonic  acid  under  pressure,  in  which  case  only  mag- 
nesium bicarbonate  is  dissolved.  Sodium  chloride  or  strong  brine 
(which  need  not  be  free  from  MgC2)  is  gradually  added  to  this 
solution,  sometimes  together  with  ammonium  salts.  Sodium  bi- 
carbonate is  precipitated  and  is  separated  from  the  mother  liquor, 
containing  magnesium  chloride,  by  a  centrifugal  machine  or  by 
a  filter-press  working  with  compressed  carbonic-acid  gas.  It  is 
best  to  perform  the  work  in  cylindrical  vessels  made  of  earthen- 
ware, or  of  iron  with  an  inside  lead  coating  and  agitating-gear. 

Vol.  II.  p.  744.  Causticizing  soda-liquor s, •*-'iieMeviAoT{  {Qrexm. 
pat.  81923)  treats  the  solution  of  sodium  carbonate  with  a  mixture 
of  calcium  carbonate  and  caustic  lime,  separates  the  liquor  from 
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the  mud,  and  finishes  the  operation  by  treating  with  fresh  lime. 
Thus  in  the  first  process  all  the  lime  is  converted  into  carbonate, 
and  in  the  second  a  mixture  is  obtained  which  is  employed  in  the 
first  stage  of  the  next  operation.  [This  very  old  process,  viz., 
using  up  the  partially-spent  lime  in  the  initial  stage  of  the  next 
operation,  has  been  described  already  in  the  first  edition  of  this 
book  as  a  matter  of  course.  It  is  evidently  identical  with  the 
English  patent  No.  3485,  of  1895,  taken  out  by  Imray  for  the 
Chemische  Fabrik  Rhenania.] 

Vol.  II.  p.  755  (comp.  also  p.  879).  Employment  of  lime-mud 
from  causticizing  soda  for  the  manufacture  of  Portland  cement, — 
Rigby,  Neill,  and  Carr  (Germ.  pat.  82499)  mix  this  mud  inti- 
mately with  clay,  and  heat  the  mixture  until  it  has  become  dark- 
<;oloured  and  dense.     [Where  is  the  novelty  ?] 

Vol.  II.  p.  765.  Multiple-effect  evaporating-pans. — For  evapo- 
rating caustic-soda  liquors,  both  in  the  case  mentioned  in  the  text 
and  in  electrolytic  processes,  vacuum  apparatus  in  which  the  salts 
can  be  removed  without  interruption  of  work  are  especially  suitable. 
Several  apparatus  of  this  kind  have  been  constructed,  of  which  we 
describe  the  following. 

Fig.  247  shows  the  apparatus  of  the  Ealiwerke  Aschersleben 
(Germ.  pat.  34034) .  Boiler  A  is  connected  by  branch  a  with  the 
air-pump ;  the  liquor  runs  in  through  /.  Tap  d  can  be  closed 
by  the  dotted  gearing,  in  order  to  prevent  A  from  running 
empty  in  case  the  work  stops.  The  downward  pipe  t,  provided 
with  a  heating-jacket,  must  be  long  enough  for  the  outer  atmo- 
fipheric  pressure  to  balance  the  liquor  contained  in  this  pipe  and 
in  A ;  if  two  or  three  boilers  work  in  series,  this  pipe  must  have 
A  different  height  in  each  of  them. 

The  water  formed  in  the  heating-jacket  round  t  runs  off  by  /• 
The  depth  of  liquor  in  B  is  regulated  by  the  pipe  n,  which  can  be 
turned  from  w.  While  tap  d  is  open,  A  is  filled  by  running 
the  liquor  in  from  below,  the  air  being  exhausted  through  0. 
Then  steam  is  put  on,  and  the  liquor  in  A  is  brought  to  the 
proper  height.  The  contents  of  A  are  kept  stirred  by  G,  and 
hot  water  or  steam  is  passed  through  c  into  the  heating-jacket 
round  t,  the  tap  on  pipe  /  being  opened  to  the  extent  required 
for  an  uninterrupted  feed  of  fresh  liquor.  The '  heating-pipes  r 
.and  the  central  pipe  B  produce  a  continuous  circulation  of  the 
Jiquor  in  A,  so  that  the  specifically  heavier  liquor  and  the  salts 
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separating  therefrom  arriTe  at  the  bottom,  where  they  are  kept 
stirred  by  O  and  ultimately  sink  through  i  into  B,  from  whence 
the  concentrated  liqaor  with  the  cryatalB  runs  off  through  n. 
The  latter  is  made  movahle  in  order  to  set  it,  according  to  the 
changing  pressure  in  A,  in  such  manner  that  the  liquor  runs  off  at 
the  proper  time. 

riff.  248. 


Fig.  247. 


Kaufmann's  vacnum-pan  (Germ.  pat.  75421}  renders  it  possible 
to  remore  the  salts,  without  interfering  with  the  vacuum,  by 
means  of  a  mechanical  agitator.     In  the  specially-ihaped  tower  part 
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of  the  apparatus^  fig.  248^  is  placed  an  agitating  arrangement  Kr 
exactly  fitting  upon  it.  This  agitator  is  driven  from  without  hy 
means  of  a  shafts  turning  in  a  stuffing-box,  with  a  circumferentiAl 

velocity  v,  calculated  by  the  following  formula : — v'^>^2g,  wheTe|^ 

is  the  height  of  vacuum  expressed  in  metres  of  water^  7  the  specific 
gravity  of  the  salt^  ff  the  acceleration  by  the  force  of  gravity. 
Thus  the  salt  is  removed  under  the  pressure  of  the  atmospheric 
air.  For  instance^  assuming  the  diameter  of  the  agitator  =1'8> 
metres^  the  vacuum  within  the  apparatus = 0*6  metre  (^S  metrea 
water),  the  specific  gravity  of  the  salts  1*4,  the  number  of  revo- 
lutions should  be  108  per  minute.  The  rotation  of  the  agitators 
in  the  preliminary  evaporators  must  be  adapted  to  the  tensiona 
of  each  of  them.  The  salt  is  removed  by  the  exit-branch  either 
periodically  or  continuously. 

Vol.  II.  p.  768.  Treatment  of  caustic  salts,  obtained  in  evapo* 
rating  caustic  liquors. — Brock,  Driffield,  Carey,  and  Brown  (Engl, 
pat.  3037,  1894)  remove  the  caustic  liquor  by  draining  and 
steaming  as  much  as  possible,  and  introduce  the  moderately  dry 
salt  through  an  opening  in  the  side  of  a  revolving  horizontal 
cylinder.  Hot  lime-kiln  gas  is  passed  in  through  one  of  th& 
hollow  journals^  and  is  conveyed  away  through  the  other  journal 
into  a  condensing' chamber,  cooled  by  water,  from  the  bottom  of 
which  the  gas  escapes  into  another  cylinder,  where  it  is  used  over 
again.  If  pure  carbonic  acid  is  at  disposal,  it  can  be  made  to 
circulate  quickly  between  the  revolving  cylinder  and  the  con- 
denser by  means  of  a  fan-blast.  By  this  treatment  the  salta 
absorb  carbonic  acid,  and  can  then  be  converted  into  commercial 
soda-ash  by  calcining  in  a  reverberatory  furnace. 

Vol.  II.  p.  792.  Accidents  to  workmen  caused  by  caustic  soda^ 
— Any  burns  caused  by  caustic  soda  on  the  skin  are  best  treated 
by  the  well-known  domestic  remedy,  prepared  by  shaking  up 
equal  volumes  of  lime-water  and  linseed-oil.  The  Chemical 
Works  Commission  of  Inquiry  of  1893  recommends^  in  the  case 
of  bums  on  the  mucous  membrane  of  the  eye  Sec,  to  wash  out  the 
caustic  soda  with  pure  water  by  means  of  a  squirt  or  wash-bottle. 
Jurisch  recommends  instead  of  this  a  solution  of  acetate  of  lead 
as  far  superior,  and  actually  in  use  at  some  chemical  works.  The 
Commission  demands  that  every  uncovered  pot  containing  liquid 
of  a  dangerous  character  shall  be  at  least  3  feet  in  height  above 
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ihe  ground,  or,  where  that  is  impossible,  it  must  be  fenced  iu. 
There  must  be  a  clear  space  all  round ;  there  is  to  be  no  footing 
on  the  top  or  sides  of  the  brickwork,  and  dome-shaped  lids  are 
to  be  used  where  possible. 

Vol.  II.  p.  798.  Packing  the  caustic  into  drums. — At  Oriesheim 
this  is  done  in  a  very  expeditious  and  cleanly  manner  by  means 
of  a  tramway  running  parallel  with  the  caustic-pots,  at  a  short 
distance  from  them.  The  tramway  is  sunk  so  that  the  small 
hogies  running  upon  it  are  level  with  the  ground.  The  drums, 
standing  upon  the  bogies,  are  run  underneath  the  shoot  one  after 
another,  the  shoot  being  a  little  raised  at  the  lower  end  when  the 
•drum  is  full,  and  lowered  again  when  the  next  drum  has  taken  it<« 
place.  Otherwise  the  shoot  always  remains  in  the  same  place 
from  beginning  to  end. 

Vol.  II.  p.  806.  Vanadium  in  caustic  soda. — Robinson  (Chem. 
News,  1894,  n.  Ixx.  p.  199)  found  in  a  sample  of  caustic  soda  0*021 1 
per  cent.  Va. 

Vol.  II.  p.  804.  Packing  caustic  soda, — Janecke  and  Schnee- 
mann  (Germ.  pat.  77237)  protect  caustic  alkalies  against  the 
access  of  air  by  a  layer  of  melted  saltpetre  or  other  easily  fusible 
isalts. 

Vol.  II.  p.  824.  Utilization  of  tank-waste. — Loesner  (Engl, 
pat.  No.  16407,  1895)  employs  the  calcium  sulphide  contained  in 
tank-waste  as  an  agent  for  reducing  nitrobenzene  &c.  to  aniline, 
by  heating  four  parts  of  nitrobenzene  for  from  four  to  eight  hours 
with  six  parts  of  calcium  sulphide  and  five  to  ten  of  water.  This 
method  is  stated  to  produce  a  larger  yield  of  aniline  than  the 
ordinary  method  of  reduction  by  iron  and  hydrochloric  acid ;  the 
yellow  colour  of  the  aniline  obtained  can  be  removed  by  distilling 
the  latter. 

Vol.  II.  p.  878.  Protection  against  poisoning  by  sulphuretted 
hydrogen, — ^The  English  Commission  of  Inquiry  (1893)  recom- 
mends respirators^  charged  with  moist  oxide  of  iron^  to  be  kept  in 
readiness  for  those  men  who  have  to  rescue  people  from  a  place 
filled  with  sulphuretted  hydrogen^  and  compressed  oxygen  to  be 
kept  in  stock  for  the  artificial  respiration  of  people  rendered 
nnconscioiis  by  inhaling  sulphuretted  hydrogen. 

Vol.  n.  p.  891.  Sulphur  from  hydrogen  sulphide  and  sulphur 
dioxide. — B^melmans  (Oerm.  pat.  77335)  mixes  and  heats  both 
gases  in  the  dry  state,  and  only  then  causes  the  well-known  de- 
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composition  into  S  and  Hfi  by  introducing  steam.  The  H^S  i» 
to  be  cooled  and  passed  in  a  current,  not  exceeding  a  velocity  of 
0*5  metre  per  second,  through  towers  filled  with  porous  calciuin 
chloride.  The  SO3  is  also  cooled  and  dried  in  a  coke-tower  by 
means  of  sulphuric  acid.  Both  gases  are  now  mixed  and  heated 
to  100°  C.  in  a  zigzag  flue,  by  means  of  water-gas ;  on  issaing, 
they  are  carried  by  a  steam-jet  into  a  condenser,  where  under 
these  circumstances  the  reaction  S03  +  2HsSs=3S  +  2H30  is  said 
to  occur  completely. 

Farbaky  (Fischer's  Jahresb.  1894,  p.  481)  gives  a  detailed 
description  of  the  manufacture  of  sulphur  from  HjS  and  SO^  in 
Schafiher  towers  fed  with  a  solution  of  calcium  chloride.  The 
HsS  is  derived  from  dissolving  lead  matte  in  sulphuric  acid,  the 
SO2  from  burning  pyrites  smalls. 

Vol.  II.  p.  896.  Recovery  of  Sulphur  by  the  Clous  process, — 
The  Alkali  Report,  No.  31,  p.  13,  proposes  to  construct  the 
chamber  for  condensing  the  subliming  sulphur  not  of  brickwork^ 
which  is  soon  acted  upon  by  the  acids,  but  of  lead  with  a  wooden 
framework,  like  a  vitriol-chamber. 

Vol.  II.  p.  908.  Manufacture  of  Thiosulphate  in  the  dry  way.-^ 
Sidler  (Germ.  pat.  81347)  heats  a  mixture  of  sodium  bisulphate, 
sodium  bicarbonate,  and  sulphur  to  120^  or  130^  C.  CO^  i» 
given  off  and  thiosulphate  formed  : 

NaHCOj  +  NaHSOs  +  S = Na^SA  f  CO,  +  H,0. 


Vol.  III.  p.  178.  Caustic  soda  from  common  salt  by  barium 
sulphate  and  ferric  oxide, — Knobloch  (Germ.  pat.  appl.  K  12263, 
1894)  heats  1  part  ferric  oxide  with  4  parts  barium  sulphate  to 
the  fusing  point  and  adds  2  parts  common  salt,  heating  until  most 
of  the  iron  has  volatilized  as  ferric  chloride.  The  residue  consists 
mostly  of  barium  oxide  and  sodium  sulphate.  On  treating  it  with 
water,  caustic  soda  is  formed  and  barium  sulphate  is  re-formed. 
The  ferric  chloride  is  decomposed  by  steam  and  heat  into  HCl  and 
Fe208,  or  by  air  and  heat  into  free  chlorine  and  FcjOj. 

Vol.  III.  p.  548.  Chlorate  of  soda, — Hargreaves  and  Bird 
(Engl.  pat.  18526,  1894)  manufacture  this  by  passing  chlorine 
through  a  solution  of  sodium  hydrate,  carbonate,  or  bicarbonate. 
Their  process  is  quite  similar  to  that  of  Best  and  Brock,  mentioned 
in  the  text,  patented  shortly  after  theirs. 
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AnaoKBiHO-apparatus  for  chlorine,  483, 
484,  485,  508,  509. 

Acetates  for  manufacturing  alkali  from 
saltcake,  220. 

Aoetio  acid  for  decomposing  sodium  sul- 
phide, 245. 

Aoid-egg  valve,  automatic,  783. 

Air,  consumption  in  Weldon  process, 
352;  in  Deacon  process,  386;  for 
diluting  chlorine  in  bleaching-powder 
chambers,  464;  for  making  chlorine 
from  hydrogen  chloride,  556. 

Air-pumps,    48.       (Cowp.    Blowing- 
engines.) 

Alcoholic  ammonia-soda,  153. 

Alumina,  for  making  soda  from  common 
salt,  193;  the  same,  together  with 
kieserite,  197  ;  for  decomposing  sodium 
sulphate,  211 ;  for  decomposing  sodium 
Sulphide,  247 ;  Lowig's  soluble  alumina, 

214. 

Aluminium  chloride  for  decomposing 
sodium  chloride,  197. 

Aluminium  phosphate  for  decomposing 
sodium  sulphate,  218. 

Ammonia,  testing  of  its  compounds,  102 ; 
specific  gravity  of  solutions,  104 , 
quantity  required  in  ammonia-soda 
manufacture,  19;  following  up  its 
course  in  that  manufacture,  70; 
recovery  from  mother  liquors,  102; 
treatment  of  ammoniacal  liquors,  106 ; 
stills,  106  (Solvay's,  106;  Mond's, 
110;  others,  111;  Fa»bender*s,  112); 
mother-liquor  tank,  116;  lime  used 
for  distillation,  117  ;  heating  the  stills, 
119 ;  cooling  the  vapours,  120 ;  loss  of 
ammonia  in  the  process,  121. 

Ammonia,  substituted,  for  alkali  manu- 
facture, 153. 

Ammonia-soda  manufacture,  lirst  attempt. 


1:  Dyar  and  Hemming*s  patents,  2; 
Schlosinfifs  first  process,  5;  Heeren'» 
investigation,  8 ;  Solvay's  beginnings, 
9 ;  theory  of  the  process,  1 1  ;  experi- 
ments  of  Honigmann,  13 ;  of  Schreib, 
14 ;  materials  required,  17 ;  heat  deve- 
loped, 18  ;  ammonia  consumed,  121. 
Synopsis  of  operations,  19  {comp,  Am^ 
moniacal  solution  of  salt,  carbonating, 
calcining,  etc.);  combination  of  appa- 
ratns,  129) ;  nuisance  from,  123 ;  cost 
of  plant,  134;  cost  of  manufacture, 
135 ;  power  required,  141 ;  repairs, 
143 ;  statistics.  143. 

Amujonia-soda,  composition,  132 ;  pro- 
perties, 133 ;  dense  soda,  97  ;  cooling 
and  packing,  98. 

Ammonia-soda,  special  procesecs,  vrith 
solid  bicarbonate  (Scnlosing's),  145; 
combination  with  coal-gas  manufacture, 
150 ;  various  processes,  152 ;  appli- 
cation for  decomposing  sodium  sul- 
phate, 153;  ditto  for  nitrate,  155; 
employment  of  Leblanc  waste,  LIB. 

Ammonuical  solution  of  salt,  21  ;    pre- 

eiration  according  to  Solvay,  25; 
oulouvard,  29 ;  Fassbender,  31 ; 
degree  of  saturation,  32 ;  testing,  32 ; 
vrashing  esit-gases,  33. 

Ammonium  carbonate,  spec  grav.  of 
solutions,  105 ;  recovery  from  ammo- 
nium-chloride liquors,  126;  employ^ 
ment  for  decomposing  sodium  sulphide, 
216. 

Ammonium  chloride,  treatment  of  so- 
lutions for  ammonia,  106;  for  solid 
ammonium  chloride,  125 ;  for  ammo- 
nium carbonate,  126  ;  with  phosphates, 
127;  for  sulphate,  127;  with  phos- 
phoric acid,  127 ;  preparation  of  chlo- 
rine from  this  compound,  608;  from 
solid  ammonium  chloride,  609 ;  Mond's 
nickel  prooeiis,  610;  his  magnesia 
process,  612. 
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Ammonium  nitrate  from  sodium  nitrate, 
155. 

Ammonium  sulphate,  testing,  105 ; 
recovery  from  ammonium  chloride 
liquor,  123 ;  treatment  of  sulphuretted 
hydrogen  obtained  in  ita  manufacture, 
755;  employment  for  purifying  sul- 
phuric acid  from  nitrogen  acids,  787. 

Ammonium  sulphide  for  manufacturing 
soda,  157. 

Ampere,  631. 

Anodes,  7--0. 

Antimony,  employment  for  lining  yessels 
for  decomposing  ammonium  chloride, 
613 ;  influence  when  present,  in  lead  on 
the  behaviour  towards  sulphuric  acid, 
764. 

Aqua  regia  reactions,  565 ;  employment 
for  manufacturing  chlorine,  567. 

Arsenic,  action  in  the  Deacon  process, 
396,  397,  411 ;  removal  from  sulphuric 
add.  786. 

Arsenite  method  for  testing  bleaching- 
powder,  429. 

AsDestos  diaphragms,  732. 

Atkins  and  Applegarth's  electrolytic 
process,  687. 


B. 


Barium  carbonate,  for  converting  sodium 
sulphate  into  carbonate,  206,  207 ; 
for  treating  sodium  sulphide,  222. 

Barium  chlorate,  manufacture,  548. 

Barium  chloride,  manufacture  from  stiU- 
liquor,  315;  from  calcium  chloride, 
369. 

Barium  sulphate  and  ferric  oxide  for 
manufacturing  alkali,  830. 

Barium  sulphide,  preparation,  211. 

Baryta,  caustic,  for  converting  sodium 
sulphate  into  hydrate,  202. 

Base  in  the  Weldon  process,  346,  355; 
testing  for,  362. 

Bauxite,  211. 

Bicarbonate  of  soda,  obtained  in  the 
ammoniarsoda  process : — filtration,  175 ; 
washing,  81 ;  testing,  82 ;  drying  and 
caloininfff  82;  treatment  of  vapours 
from,  97  ;  conversion  into  caustic 
soda  or  crystals  without  previous 
calcination,  98 ;  conversion  into  car- 
bonate by  means  of  ammonia,  101 ; 
employment  in  the  solid  state  for 
manufacturing  ammonia-soda,  181  ; 
manufacture  of  commercial  bicarbonate 
by  the  ammonia  process,  159 ;  employ- 
ment for  decomposing  sodium  sulphicfe, 
245 ;  improvements  in  manu&cture  by 
old  process,  825. 


Black-ash,  lixiviation,  822. 

Bleach-liquors,  482;  made  with  lime. 
482;  with  potash,  486;  with  soda, 
487 ;  cblorozone,  490 ;  with  raaguesia, 
493 ;  with  zinc,  494  ;  with  alumina, 
495 ;  by  electrolysis,  711 ;  analysis  of 
electrolytictel  bleach-liquor,  718. 

Bleaching- powder,  properties,  421,  476  ; 
researches  on  formation,  424 ;  action 
of  carbonic  acid  on,  424,  426;  best 
temperature,  425,  463 ;  residue  left  in 
dissolving,  425,  428 ;  action  of  metaJlic 
oxides,  428 ;  testing,  429 ;  comparison 
of  commercial  degrees,  436 ;  sampling, 
436;  specific  gravities  of  solutions, 
437  ;  complete  analysis,  439. 

Manufacture  by  Deacon  process,  409 ; 
by  ordinary  process,  440  {ccmp. 
Bleaching-powder  chambers) ;  packing, 
472 ;  protection  of  men,  473 ;  packages, 
475 ;  warehousing,  475 ;  properties, 
476 ;  analyses,  477 ;  gradual  decompo- 
sition, 480*. 

Yield  and  cost  in  old  process,  480 ;  in 
Weldon  process,  364 ;  in  Deaoon 
process,  413 ;  statistics,  743,  751. 

Bleaching-powder  chambers,  for  Deacon 
process,  404;  for  ordinary  process, 
447 ;  of  stone,  447 ;  area,  448 ;  brick 
chambers,  449 ;  doors,  449 ;  floors, 
450;  iron  and  lead  chambers,  450; 
chambers  on  pillars,  452  ;  introducing 
the  gas,  453 ;  sets  of  chambers,  453 ; 
charging  with  lime,  455  ;  working  a  set 
of  several  chambers,  457 ;  opening  the 
doors,  457 ;  testing  air  of  chambers, 
458 ;  sprinkling  with  lime-dust,  460 ; 
turning  chambers,  462 ;  rise  of  temper- 
ature, 463 ;  diluting  chlorine  with  air, 
464 ;  working  with  forced  draught,  465 ; 
mechanical  onambers,  465. 

Bleaching-powder  men,  rules  for,  360. 

Blende,  treatment^  755 ;  furnaces  for 
roasting,  771. 

Blowing  manganese  liquor  in  Weldon 
process,  345 ;  reactions,  355 ;  air 
consumed,  353. 

Blowing-engines  for  Weldon  process, 
327 ;  dimensions,  353. 

Boric  acid  for  alkali  manufacture,  189. 

Boulouvard's  apparatus  for  ammoniacal 
solution  of  salt,  29 ;  for  carbonating, 
66 ;  fllter-press,  79 ;  drying  carbonate, 
94. 

Brimstone,  statistics,  738  ;  production 
and  occurrence,  752;  burners  for, 
769. 

Brimstone  acid,  cost  of,  811,  812. 

Brine  for  ammoniacal-soda  process,  21 ; 
puriflcation,  22 ;  pumping,  33. 

Brucine  as  reagent  for  nitric  acid,  768. 
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Oaldning-apparatiiB  for  bioarbonate,  82  ; 
treatment  of  Tapours,  97. 

Cidoium  aoetate  K)r  aliiali  manufactare, 
220. 

Calciam  bicarbonate  for  conyerting 
•odium  sulpbate  into  carbonate,  205. 

Oaldum  bisulphite  for  alkali  manufacture, 
218. 

Calcium  carbonate  for  deoouiposiug 
sodium  nitrate,  257. 

Oalcium  chloride  from  ammonia^euda 
prooens,  utilization,  124;  part  played 
in  Weldon  process,  350;  dissolving-  | 
capacity  for  lime,  350;  employment  : 
of  waste  from  Weldon  process,  3(59;  ! 
manufacture  of  chlorine  from,  584 ; 
decomposition  by  electrolysis,  707. 

Calcium  fluoride  from  cryolite,  170. 

Calcium  oxalate  for  alkali  manufacture, 
219. 

Calcium  oxychloride,  350,  358. 

Calcium  phosphate  for  alkali  numufacture, 
219. 

Calcium  sacoharate  for  alkali  manufacture, 
220. 

Calcium  sulphate,  part  played  in  Weldon 
process,  338.  (Comp,  also  Pearl- 
hardening  ) 

Calcium  sulphide  for  ammonia-soda 
manufacture,  156 ;  for  converting 
sodium  chloride  into  carbonate,  200. 

Calcium  sulphydrate  for  decomposing 
sodium  sulphate,  243. 

Carbon  anodes,  730. 

Carbon  monoxide  for  converting  sodium 
chloride  into  carbonate,  183. 

Carbonating  process  in  the  ammonia- 
soda  manufacture,  53:  apparatus  of 
Solvay,  53 ;  others,  60 ;  of  JBoulouvard, 
66 ;  of  Pechiney,  66 ;  others,  69 ;  con- 
tinuous style,  70;  course  taken  by  the 
ammonia,  70 ;  quantity  of  liquid,  71 ; 
testing,  73;  utilization  of  carbon  di- 
oxide, 73. 

Carbonating  black-ash  liquors,  823. 

Carbonic  acid,  production  for  ammonia- 
soda  process,  3(5;  from  calcining  bi- 
carbonate, 49, 97 ;  pure,  50;  utilization 
in  Solvay  tower,  56,  73 ;  in  tlie  cryolite 
process,  172 ;  for  converting  sodium 
chloride  into  soda,  183 ;  action  in 
Deacon  process,  410 ;  action  on  bleaoh- 
ing-powder,  424,  426,  in  electrolysis, 
674.    (Comp.  also  Lime-kiln  gas.) 

Castner's  process,  68(). 

Catalytic  action  in  Deacon  process,  376, 
381,383,558. 

VOL.  III. 


Catalytic  substance,  392;  deterioration, 
393;  renewal,  397. 

Caustic  ash  made  in  ammonia-soda  pro- 
cess, 93. 

Caustic  salts,  treatment,  828. 

Caustic  soda,  packing,  828  ;  accidents  by, 
828. 

Caustic  soda  from  bicarbonate,  98. 

Caustioizing  soda-liquors  in  old  prooess, 
825. 

Cement  diaphragms,  723,  735. 

Centrifugal  machine  for  bicarbonate,  80. 

Chambers,  comp.  Bleaehing-powder  and 
Vitriol-chambers. 

Chlorate  of  baryta,  548. 

Chlorate  of  lime,  preparation,  504 ;  for- 
mation from  hypochlorite,  515. 

Chlorate  of  potash,  historical,  498 ;  pro- 
perties, 418;  action  on  metals,  523; 
analysis  in  liquors,  520;  direct  esti- 
mation, 718. 

Processes  for  manufacturing,  500; 
apparatus,  502;  Salindres  apparatus, 
509 ;  working  the  process,  51 1 ;  boiling- 
down,  519;  addition  of  potassium 
chloride,  520,  522;  loss  in  boilinff- 
down,  523;  first  crystallization,  524; 
treating  mother  liquors,  526 ;  evolution 
of  chlorine  from  these,  527;  second 
crystallization,  528;  removal  of  chloride, 
532;  diring,  grinding,  sifting,  532; 
yields  ana  costs,  534. 

Precautions  against  fire,  533. 
Magnesia-chlorate  process,  537 ;  zinc- 
oxide  process,  541 ;   electrolytic  pro- 
cesses, 7 19. 

Commercial  chlorate  of  potash,  542 ; 
applications,  542;  statistics,  543,  745, 
749,  751. 

Chlorate  of  soda,  properties,  543 ;  manu- 
facture, 544,  830;  by  electrolysis,  724, 
728. 

Chloride  of  alumina,  495. 

Chloride  of  lime,  comp.  fileaching-powder 
liquid,  482. 

Chloride  of  magnesia,  493. 

Chloride  of  potash,  486. 

Chloride  of  potassium,  520,  522. 

Chloride  of  soda,  486. 

Chloride  of  zinc,  494. 

Chlorides,  estimation  in  presence  of  hypo- 
chlorites, 717. 

Chlorine,  general  and  historical,  261 ; 
DToperties,  263 ;  solutions,  265 ;  liquid. 

Manufacture  by  manganese  ore,  267 ; 
with  sodium  chloride  and  sulphuric 
acid,  283 ;  with  hydrochloric  acid,  287 ; 
chlorine  stills,  see  this ;  drying  chlorine 
gas,  300,  403 ,  purifying,  307  ;  concen- 
trating, 307 ;  liquefying,  307. 
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Production  in  Weldon  procets,  350 ; 
action  of  Weldon  chlorine  on  lime,  Sl6b, 
Beacon    chlorine,   use    lor    bleach- 
liquor  and  chlorates,  412, 484, 600, 534 ; 
copper  in  Beacon  chlorine,  412. 

Teeting  for  chlorine  in  air  of  bleaeh- 
ohambers,  458;  abeorbing  chlorine 
from  chamber-air  by  limeniust,  460; 
dilating  chlorine  with  air,  464 ;  dealing 
with  dUufce  ehlorme,  404,  472 ;  loaa  of 
chlorine  in  storing  hLeaching-powder, 
477. 

Manufacture  of  chlorine  from  chlo- 
rate mother  liquors,  527,  539 ;  from 
hydrochloric  acid  by  Tarions  methods, 
551 ;  by  sulphuric  add  and  manganese 
peroxide,  552 ;  by  permanganates,  553 ; 
by  chromates,  554 ;  by  red  lead,  555 ; 
hj  atmospheric  air,  556 ;  by  Weldon's 
magnesium-manganite  process,  558 ;  by 
de  Wilde  and  Beychlers  process,  659 ; 
from  HCl  after  conversion  into  calcium 
or  magnesium  chloride,  561 ;  from 
mangauous  chloride  and  oxygen,  562 ; 
from  iron  chlorides  and  air,  563 ;  by 
Mond's  nickel  process,  564. 

Chlorine  by  the  nitric  acid  pro- 
cesses :  Bunlop's,  565 ;  aqua  regia,  o67 ; 
Wallis's,  667 ;  Bayis's,  609 ;  Taylor's, 
670 ;  Vo^t  and  Scott's,  571 ;  Bonald's, 
672;  Tanous,  674;  recoTery  of  nitric 
acid,  576;  by  nitric  acid  and  man- 
ganese peroxide,  676 ;  process  of  Schlos- 
ing,  676 ;  others,  677. 

Ohlorine  from  NaOl  by  metallic 
sulphides,  581 ;  by  chromic  oxide,  683 ; 
by  phosphates,  681. 

Chlorine  from  calcium  chloride,  684 ; 
from  magnesium  chloride,  686;  Weldon- 
P6chiney  process,  691 ;  others,  604 ; 
from  uihydrous  MgOly  604;  from 
ammonium  chloride,  608  (Mond's  pro- 
cesses, 610) ;  from  hydrogen  chloride  by 
electrolysis,  709. 

Conversion  of  chlorine  into  hydro- 
chloric acid,  710,  822 

Chlorine  hydrate,  properties,  264 ;  manu- 
facture, 307;  employment  for  making 
liquid  chlorine,  309,  311. 

Chlorine,  liquid,  properties,  266 ;  prepa- 
ration, 307.  404. 

Chlorine-stills  for  sodium  chloride  and 
sulphuric  acid,  283 ;  for  hydrochloric 
acid,  287  ;  older  forms,  287 ;  ordinary 
English  sUll,  293 ;  stoneware  stills,  300; 
arrangements  for  steaming,  296;  for 
shutting  off  from  gas-main,  297;  for 
running-off,  297;  acid-pipes,  299; 
chlorine-gas  pipes,  303;  working  the 
stills,  304 ;  Weldon  stills,  332 ;  working 
these,  369. 

Chlorogen,  492. 


Chlorometry,  429 ;  comparison  of  degrees^ 
436. 

Chlorosone,  490,  492. 

Chromates  for  manufacturing  ohlorine^ 
664. 

Chromium  oxide  for  alkali  manufaotaiev 
198 ;  for  ohlorine  manufacture,  688* 

daus  process,  chambers  for,  830. 

Coal-gas,  combination  with  ammooub' 
soda  manufacture,  160. 

Coesweirs  carbonating  tower,  67. 

Coke  for  lime-kilns,  37 ;  coke-packing, 
for  Ghiy-Lussao  towers,  781. 

Condensers  for  hydrochloric  acid  in 
Beacon  process,  3o6, 402 ;  in  Pi^iney- 
Weldon  process,  600;  inc^oTementB- 
in  ordinary  condensers,  ^0;  plate- 
towers,  uM  as  HCl  condensers,  821. 

Conductors  for  electridlr,  626. 

Cones  for  crystallizing  chlorate,  632. 

Contact-substance,  comp.  Catalytic  sub- 
stance. 

Cooling  ammoniacal  salt-solution,  28, 34  ^ 
lime-kiln  gas,  48;  Solvay  towers,  57; 
vapours  from  ammonia-stills,  121 ;  pan- 
gas  in  Beacon  process,  386;  hydro- 
chloric-acid gas  in  P^iney-Weldon 
process,  600. 

Copper  compounds  in  Beacon  prooeas, 
392,  393,  397;  in  Beacon  chlorine,. 
412,  429;  action  on  hypochlorites, 
429;  presence  in  lead  for  chemical 
purposes,  766. 

Copper  matte,  burners  for,  770. 

Copper  oxide  for  decomposing  sodium 
sulphido,  251. 

Coulomb,  631. 

Crusts  in  ammoniacal  salt-solution,  35  ; 
in  carbonating-towers,  59 ;  in  platinum 
stills,  796. 

Ciyolite,  historical,  164 ;  properties,  166; 
decomposition  by  lime,  166 ;  furnaces, 
166;  lixiviation,  170;  waste  from  this, 
170;  products,  170;  other  methods, 
173. 

Crystal  soda  from  bicarbonate,  99;  from 
cryoUte,  172 ;  improvement  of  colour, 
^5. 

Crystallization  of  potassium  chlorate, 
624,  528. 

Cupric  chloride  for  manufacturing  chlo- 
rine, 371,  378.  (Comp,  Beacon  process.) 


B. 


Bavis's  chlorine  process,  569. 

Beacon's  chlorine  process,  371 ;  historical, 
371 ;  first  description,  374 ;  later  com- 
munications, 377 ;  thermochemistry, 
378 ;  reactions,  379 ;  practical  import- 
ance, 380. 
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Practical  working,  381 ;  employment 
of  pan-acid,  381 ;  of  roaster-acid,  382 
(Hasenelever's  process,  382 ;  other  me- 
thods, 383);  purifloation  from  SO,, 
^83. 

Deacon  apparatus,  384;  air  drawn 
in,  385 ;  cooling  the  gases,  385 ;  heat- 
ing the  gases,  386 ;  decomposer,  390 ; 
oontaet-substance,  392;  deterioration 
4>f  this,  393;  renewal,  397;  testing 
gases,  39R;  rate  of  decomposition,  400 ; 
composition  of  gases,  401 ;  washing 
out  HOI,  402;  drying  the  chlorine, 
403;  absorption  bv  lime,  404;  (cham- 
bers) production  of  draught,  409 ;  weak 
bleach,  409 ;  action  of  carbonic  acid  in 
this  process,  410;  of  arsenic,  411. 

Employment  of  Deacon  chlorine  for 
making    bleach-liquor   and  chlorates, 
412,  484.  485,  502,  534. 
Copper  in  Deacon  chlorine,  412. 

Deacon  Dieach,  409. 

Deacon  chambers,  404;  Deacon  plant, 
cost  of,  415. 

Decantation  apparatus,  28, 109. 

Decomposer  in  Deacon  apparatus,  390; 
testing  gases  from,  398;  rate  of  action, 
400. 

Decomposing  •  ftimace  for  magnesium 
oxyomori(&  in  P6chiney-Weldon  pro- 
cess, 596. 

Decomposition,  electrolytical,  629. 

Density  of  ammoniarsoda,  97,  133. 

Density  of  current,  638. 

Diaphragms,  733. 

Distribntor  for  ammonia-stills,  106,  115. 

Donald's  chlorine  process,  572. 

Doors  of  bleaohing-powder  chambers, 
449. 

Drainers  for  potassium  chlorate,  525. 

Draught  in  yitriol-chambers,  production 
oO^ ;  i''  Deacon  apparatus,  409. 

Drums  for  bleachinff-powder,  475. 

Drying  chlorine,  30S,  403 ;  Deacon  gases, 
386 ;  bicarbonate,  82 ;  magnesium  ozy- 
chloride,  594. 

Dunlop's  process  for  recorering  MnO,, 
321 ;  chlorine  process,  565. 

Dust-chsmbers,  774. 

Dyar  and  Hemming*s  patents,  2. 

Dynamos,  efficiency  of,  640. 


B. 


Ban  de  Jayel,  486. 
Electric  current  properties,  623. 
Electric  resistance,  626. 
Electrical  measures,  631. 
Electricity,  conduotora,  625;   decompo- 
sition by,  629;  employment  for  con- 


centrating  sulphuric  acid,    810;    for 
manufiicturing  sulphuric  acid,  816, 817. 

Electrochemical  equivalents,  633. 

Electrodes,  629,  730. 

Electrolysis  of  chlorides,  history,  621 ; 
importance  for  the  alkali  and  chlorine 
manufacture,  622 ;  scientific  investiga- 
tions, 641 ;  decomposition  of  hypo- 
chlorite, 647;  primary  electr9lysis  of 
water,  647 ;  costs  of  electrolysis,  648. 

Technical  processes  for  producing 
alkali  and  chlorine  without  prerious 
production  of  alkaline  metau,  654; 
treatment  of  the  caustic  solutions  ob- 
tained, 673 ;  converting  sodium  hydrate 
into  carbonate  during  electrolysis,  674 ; 
other  processes  fur  saturating  NaOH, 
685  ;  processes  employing  mercury 
cathodes,  686 ;  electrolysis  of  fused 
chlorides,  700;  of  lead  chloride,  704; 
of  hydrochloric  acid,  709 ;  electrolyti- 
cal bleach-liquors,  711. 

Electrolytic  disMciation,  630. 

Electromotive  force,  625,  635. 

EUershausen's  soda  process,  233,  248. 

Evaporation  of  soda  liquors  in  vacuum- 
pans,  826. 

Exhaust-steam  for  ammonia-stills,  119, 
120. 

Exit-gases  in  the  ammonia-soda  manu- 
facture, 25,  33,  74. 


P. 


Fans  for  working  vitriol-chamben,  780. 

Faraday's  law,  632. 

Felspar  for  alkali  manufacture,  259. 

Fernc  compounds  for  decomposing  so- 
dium sulphide,  247. 

Ferric  oxide  for  deoomposinff  sodium 
sulphide  in  the  dry  way,  222 ;  for  de- 
composing sodium  nitrate,  257. 

Ferrite  of  soda,  249,  259. 

Ferro-sodium  sulphides,  224. 

Ferrous  sulphide  for  converting  sodium 
chloride  into  carbonate,  200. 

Ferrous  and  ferric  chloride  for  producing 
chloijne,  563. 

Filter-presses  for  bicarbonate,  80. 

Filtering-pump,  Boulouvard's,  79. 

Filtration  of  ammoniacal  salt-solutioa, 
28 ;  of  bicarbonate,  75. 

Final  liquor  in  Weldon  process,  354. 

Finishing  the  charge  in  Weldon  process, 
353 ;  soda-ash  in  Leblanc  process,  823. 

Flue-dust  chambera  at  FreibArg,  774. 

Fluohydrio  acid  in  alkali  manufacture, 
190,  216. 

Fluosilicates  for  alkali  m<inufac*.are,  190 
253. 
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Gall  and  Montlacir^s  process,  719. 

Gas-liquor,  testing,  103. 

Gas-sulpbur,  753. 

Gas-Tolumeter  for  testing  manganese  per- 
oxide, 278;  for  bleaohing-powder,  435. 

Gases  from  Deacon  process,  testing,  398 ; 
composition,  401 ;  washing,  402  ;  dry- 
ing, 403.  From  ammonia-soda,  see 
Exit-gases. 

Gassing  in  bleaching-powder  chambers, 
473. 

Gav-Lussao   degrees    for  chlorine,  430, 

Gay-Lussac  towers,  improvements,  778, 
783 ;  coke-packing,  781 ;  repacking, 
781;  exit-gases,  784. 

German  uat^t  law,  373. 

Gilirplatmum  retorts,  795;  gilt-copper. 

Glass  Tessels  for  concentrating  sulphuric 

acid,  790. 
Glass-tube  cooler  for-  hydroohlorio-aoid 

gases,  600. 
GloTcr  tower,  improYementa,  778. 
Gold-lined  platinum  retorts,  795. 
Grabau's  process,  701. 
Greenwood's  process.  658. 


H. 


HasendeTcr's  improTeroents  of  Deacon 
process,  382;  mechanical  bleaching- 
powder  chambers,  468. 

Heatine  Deacon  gases,  386. 

Heeren  8  work  on  ammonia-soda,  8. 

Beraeus  composition,  795. 

Hermite's  processes,  686,  711,  713,  717. 

Hexaeonal  chlorine-stills,  337. 

Hot-blast  stoTes  for  Deacon  process,  386. 

Hydrochloric  acid  for  decomposing 
MnO^,  272;  estimation  for  this  pur- 
pose, 279 ;  quantity  and  quality,  280 ; 
action  on  MnOj,  282 ;  rate  of  utiliza- 
tion in  stills,  281,  304;  in  Weldon 
process,  360,  365 ;  in  the  ordinary 
bleaching-powder  manufacture,  481 ; 
condensation  of  weak  acid  in  Deacon 
process,  386,  402 ;  electrolysis  of  HGl, 
709 ;  conversion  of  chlorine  into  HGl, 
710,  822 ;  carriage  and  pumping,  822. 

Hydrochloric-acid  condensers,  819. 

Hydrofluosilicic  acid  for  alkali  manufac- 
ture, 190,  253 ;  preparation  for  manu- 
facture of  chlorate  of  soda,  544. 

Hydrogen  chloride,  absorption  by  pyrites- 
cinders,  813. 

Hydrogen  peroxide  for  testing  MnO,, 
278 ;  for  chlorometry,  435. 


Hydrogen  sulphide,  eee  Sulphuretted 
nydrogen. 

B^rpochlorite  of  caldum,  crystallized,  421. 

Hypochlorites,  properties,  419 ;  action  of 
metallic  oxides,  428;  oouTersion  into 
chlorates,  515;  loss  of  oxygen  on 
heating,  513;  in  electrolysis,  726. 
{Comp,  Bleach-liquors.) 

Hypochlorous  acid,  properties,  416 ;  pro- 
duction by  action  of  chlorine  on  hypo- 
chlorites, 420 ;  manufacture,  485. 


I. 


Intensity  of  electric  current,  625 ;  caloa- 

lation,  632  ;  Faraday's  law,  632. 
Ions,  629 ;  migration,  634. 
Iron  for  decomposing  sodium  sulphide, 

222;    removal  from    aluminium  eol- 

phate  by  Weldon  mud,  369. 
Iron  vessels  for  concentrating  sulphuric 

add,  797. 

K. 

Kellner^s  processes,  683.  693,  709.  71& 
Kessler's    sulphuric-add    oonoentratioDy 

805. 
Eopp's  soda  process,  222. 


L. 


Lead,  action  of  sulphuric  add,  764 ;  of 
nitric  acid,  767. 

Lead  chambers,  comp.  Vitriol-ohambera. 

Lead  chloride,  preparation,  707 ;  dectro- 
lysis,  704. 

Lead  compounds  for  alkali  manufacture, 
178,  215,  251. 

Lead  vessels  for  concentrating  sulphuric 
add.  787. 

Leblanc  soda,  improvements  in  lixivia- 
tion,  822 ;  in  carbonating  and  finishing, 
822. 

Leblanc  waste  for  manufacturing  ammo- 
nia-soda, 157 ;  for  decomposing  sodium 
sulphate,  243 ;  treatment,  829. 

Le  Sueur's  process,  662. 

Lime  for  decomposing  sodium  chloride, 
178 ;  for  decomposing  sodium  sulphate. 
201 ;  for  decomposing  sodium  nitrate, 
257. 

Preparation  for  ammoniarsoda  pro- 
cess, 43,  45 :  employment  for  distiilisg 
ammonia,  117;  testing,  45;  milk-of- 
lime,  118. 

Employment  in  Wddon  prooass, 
341 ;  in  Deacon  process,  404,  408 ;  in 
the  manufacture  of  bleaching-powder 


INDEX. 


837 


440;  slaking,  445;  ohai^ng  into 
chambers,  455;  in  the  manufacture  of 
chlorates,  511 ;  solabilitj  in  calcium 
chloride,  350. 

Lime-dust,  sprinkling  into  bleaching- 
powder  chambers  before  discharging 
them,  460. 

Lime-kihis,37,d9,441. 

lame-kiln  gas,  43 ;  testing,  44 ;  washing, 
45. 

Lime-Tessels  in  Weldon  process,  329. 

{Limestone,  37,  38, 44a 

Litharge  for  decomposing  sodium  chlo- 
ride, 178.  I 

Lithia,  action  of  chlorine  on,  426.  ! 

Lixiriation  of  black-ash,  improTements,  , 
822.  ' 

Lyte's  process,  701.  I 


]£. 


Hagnesia,  forming  crusts  in  ammonia- 
soda  process,  35;  use  for  decomposing 
ammonium  chloride,  129,  612 ;  for 
converting  sodium  chloride  into  car- 
bonate, 181 ;  for  manufacturing  chlo- 
rates, 537. 

Magnesia  pellets  in  Mond's  chlorine  pro- 
cess, 615. 

Magnesium  carbonate  for  decomposing 
sodium  sulphide,  246. 

Magnesium  chloride,  obtained  in  mag- 
nesia-chlorine process,  540 ;  employ- 
ment in  the  manufacture  of  chlorine, 
586 ;  in  Weldon*  P4chiney  proceas,  591 ; 
in  the  anhydrous  state,  604 ;  in  elec- 
trolysis, 707 ;  for  electrolytical  bleach- 
ing, 711. 

Magnesium-manganite     processes,     558,  { 

Majniesium  oxych bride,  592;  drying, 
^4;  decomposition,  596. 

Manganese,  utilization  in  still-liquor,  tee 
this. 

Manganese,  total,  estimation  in  Weldon 
mud,  364. 

Manffanese  dioxide,  testing  in  natire  ores,  , 
272 ;  in  Weldon  mud,  363 ;  employ- 
ment with  sodium  nitrate  for  manufac- 
turing chlorine,  576.  { 

Manganese  liquor,  settling,  338 ;  treating  | 
with  lime,  344 ;  blowing,  345. 

Manganese  mud,  eomp.  Weldon  mad.         , 

Manganese  ores.  268 ;  valuation,  272. 

Manganese  recovery,  317.  (Cbmp.  Weldon 
process.) 

Manganites  of  manganese,  345, 346. 

Manganous  carbonate,  recovery  of  MnO, 
from,  321. 

Manganous  chloride,  preparation  in  the 


pure  state,  317;  settlers  for,  325; 
employment  for  manufacturing  chlo- 
rine, 562. 

Manganous  oxide  (protoxide),  preparation 
in  Weldon  process,  341. 

Marbles  (Deacon  process),  392. 

Massicot,  707. 

Mercury  cathodes,  686. 

Mercury  in  sidphuric  acid,  786,  796. 

Methyl-orange  for  titrating  nitrous  add. 

Migration  of  ions,  634. 

Milk-of-lirae  (Weldon  process),  vessels 
for,  329;  preparation,  324;  specific 
gravity,  343. 

Mother  liquor  from  potassium  chlorate, 
treatment,  526. 

Mud  from  ammonia-stills,  122;  from 
Weldon  manganese  liquor,  338  ;  Wel- 
don mud,  tee  th^'s;  from  chlorate 
manufacture,  518,  524. 

Mud-settlers  in  Weldon  process,  325, 327. 

Multiple-effect  evaporating-pans,  8l2ld, 

Muriate  of  potash,  520,  522. 

Muzzles  for  bleaching-powder  men,  473. 


N. 


Natrona  porous  alum -cake,  172. 

Neutralising- well  (Weldon  process),  331 ; 
operation  in,  338;  neutralizing  with 
Weldon  mud,  340. 

Nickel-oxide  process  for  chlorine  manu- 
facture, 564,  610. 

Nitrate  of  ammonia  fVom  sodium  nitrate 
by  ammonia-soda  process,  155. 

Nitrate  of  soda,  for  alkali  manufacture, 
254;  for  recovering  MnO,  from  still- 
liquor,  319 ;  testing,  756 ;  new  occur- 
rence, 756. 

Nitre-cake,  utilization  by  electrolysis, 
673 ;  otherwise*  763. 

Nitre-ovens,  779. 

Nitric  acid,  ftpeoiflc  gravitiea,  757 ;  manu- 
facture, 757;  concentration,  763; 
pumping,  763 ;  recovery  from  nitrous 
vitriol,  575;  from  wast«  acids,  762; 
action  on  lead,  767 ;  reactions  on,  768 ; 
injector  for,  779. 

Nitric-acid  chlorine-processes,  8ee  Chlo- 
rine. 

Nitrogen  acids,  removal  from  sulphuric 
acid,  787. 

Nitrogen  peroxide  in  chamber-gases,  785. 

Nitroglycerine  waste-acid,  762,  802. 

Nitrous  acid,  titration,  768;  reactions, 
768;  estimation,  769. 

Nitrous  vitriol,  treatment  for  nitric  acid, 
575 ;  action  on  lead,  764. 
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Ohm,  631.  I 

Ohm's  law,  B32. 

Oxalate  of  lime  for  alkali  mauufaoture,  i 
219. 

Oxalate  of  magnesia  for  alkali  manufac- 
ture, 198. 

Oxalic  acid  for  alkali  manufacture,  198. 

Oxidizers  (Weldon),  326;  working  them, 
345, 355.  I 

Oxvgen  for  conTerting  NaCl  into  soda, 
177 ;  Taluation  of  active,  273 ;  loss  in 
heating  chlorates  or  hypochlorites,  513, 
515 ;  employment  in  yitriol-chambers, 
775. 


P. 


Packages  for  bleaching-powder,  475. 

Pan-gas  for  Deacon  process,  381,  385, 
395. 

Pans  for  boiling  down  chlorate  liquor, 
519. 

Partitions  in  Titriol-chambers,  775,  776. 

Pearl-hardening,  124,  244,  552. 

P^chiney  -  Wcldon's  magnesia  -  chlorine 
process,  591. 

Permanganates  for  manufacturing  chlo- 
rine, 553. 

Phenol  for  alkali  manufacture,  219. 

Phosphates  for  alkali  manufacture,  185, 
217,  218;  for  chlorine  manufiicture, 
584. 

Phosphoric  acid  for  alkali  manufacture, 
184  ;  for  decomposing  ammonium 
chloride,  128. 

Pink  coloration  in  the  manufacture  of 
chlorates,  cause  of,  512. 

pipe-columns,  775. 

Plate-oolumns  in  sulphurio-acid  manufac- 
ture, 777,  778,  7o5 ;  as  hydrochloric- 
acid  condensers,  821. 

Platinum  yessels  for  concentrating  sul- 
phuric acid,  794 ;  crusts  in,  796 ;  com-   I 
bination  of  iron  and  platinum  ressels,   ' 
802.  ! 

platinum-gold  yessels,  795. 

Porcelain  diaphragms,  736;  vessels  for 
concentrating  sulphuric  add,  791. 

Potash  for  soda  manufacture,  177,  201. 

Pumps  for  brine,  33 ;  for  lime-kiln  gas, 
48;  for  Weldon  process,  327,  353;  for 
chlorate  liquor,  528. 

Purple  ore,  utilization,  813. 

Pyrites,  statistics,  740;  behaviour,  753; 
sulphur  from,  753;  occurrence,  753; 
testing,  754;  cost  of  sulphuric  acid 
from,  811,812. 

Pyrites-burners,  769,  771. 

Pyrites-cinders,  813. 

Pyrometers,  391. 


Quicklime,  eomp.  Lime. 


R. 


Bed  batches  in  Weldon  process,  356. 
Residue     from     dissolving     bleachiog- 

powder,  425,  428,  476. 
Bttistanoe,  electrical,  625. 
Respirators  for  bleaching-powder  men, 

473. 
Richardson  and  Holland's  process,  660. 
Rieckinann's  process,  664. 
Roaster-gas,     employment    in     Deacon 

process,  382,  394. 


& 


Salt^  excess  required  in  ammoniarsodA 
process,  12,  17 ;  solid  salt  required  in 
this  process,  23. 

Salt-solution  (brine),  21.  {Comp,  Ammo* 
niaoal  solution  of  salt) 

Saltcake,  manufacture,  819;  purifloati<m 
from  iron,  820;  nuisance  in  drawing, 
819. 

Saturex,  806. 

Schlosing's  ammoniarsoda  procemoB,  5, 
145 ;  chlorine  process,  57o. 

Schreib's  work  on  ammonia-soda,  14. 

Sesquicarbonate  of  soda  by  ammonia 
process,  162. 

ettling  waste  liquor  from  ammonia- 
stilU,  122;  Weldon  liquor,  338;  Wei. 
don  mud,  355 ;  chlorate  liquor,  518. 

Sifting  lime,  445. 

Silica  for  alkali  manufacture,  186,  215. 

Sinding-Larsen's  process,  693. 

Slaking  lime,  445. 

Smoke-irases,  acids  in,  755 ;  recovery  of 
S0«  from,  773;  cupric  sulphate  from. 
774. 

Soap  diaphragms,  737. 

Soda-ash,  finishing,  823. 

Soda  crystals,  manufacture,  825. 

Soda  industry,  statistics,  743. 

Sodium  aluminate,  171. 

Sodium  bicarbonate,  comp.  Bicarbonate. 

Sodium  carbonate,  manufacture  from 
cryolite,  164;  from  sodium  chloride^ 
175;  from  sodium  sulphate  directly, 
201 ;  from  sulphate  after  converting 
this  into  sulphide,  221. 

Sodium  chloride,  excess  required  for 
ammonia-soda  manufacture,  12,  17; 
decomposition  by  steam,  175;  by  water- 
gas,  176 ;  by  various  reagents,  ses  tkm. 
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Sodium    nitrate    in    the   ammonia-soda 
manufacture,  153 ;  in  allukli  manufac- 
ture, 254. 
Sodium  sulphate  in  the  ammonia-soda 
manufacture,   153;   direct  conversion 
into  carbonate,  etc.,  201 ;   conTernon 
after  decomposition  intu  sulphide,  221 ; 
production  by  electrolysis,  673. 
Sodium  sulphide  for  manufacturing  alkali, 
without  preTious  isolation,  221 ;  prepa- 
ration of  free  Na^S  on  the  large  scale, 
221 ;  decomposition  bj  00^.  235 ;  in 
other  ways,  245. 
6olTay*s  apparatus  for  the  ammonia-soda 
manufacture,  9,  25,  53,  75,  77,  82,  89. 
Spent  oxide  of  gas-works,  sulphur  from, 

753 ;  sulphur  dioxide  from,  755. 
Spilker  and  Lowe's  process,  ()80. 
Statistics  of  brimstone,  738 ;  pyrites,  740 ; 
blende,  741 ;  sulphuric  acid,  742 ;  soda 
and  bleach  in  Bngland,  743 ;  Germany, 
746;  France,  748;  United  States,  749 ; 
general,  750. 
Steam  for  ammonia-stills,  119;  for  de- 
oomposinff    KaCl,    175;   for   deoom- 
poeing  sodium  sulphate,  245. 
Stiff  batches  in  Weldon  process,  347, 

350,  357. 
Stilla,  tee  Ammonia  and  Chlorine  stills. 
Still- liquor,   testing,   306 ;    composition, 
313 ;  utilization,  314 ;  preparation  of 
pure  manganous chlorine,  31  ft;  utiliza- 
tion of  free  acid,  317 ;    recoTery  of 
manganese,  317. 
Storage  batteries,  sulphuric  acid  for,  786. 
Strontia    for    alkali    manufacture,  204, 

205. 
Susar  for  alkali  manufacture,  220. 
Sulphate  of  soda,  natural,  818:  see  sodium 

sulphate  and  saltcake. 
Sulphides,  roasting  with  NaCl  to  produce 

chlorine,  581. 
Sulphur,  statistics,  738  ;  production  and 
occurrence,  752 ;  calculation  of  sulphur 
burnt  from  oxygen  in  exit-gases,  781 ; 
cost  of  acid  from,  81 1,  812. 
Sulphur  dioxide,  spec,  heat,  763  ;  action 
on   health,  763;   liquid,   carriage   of, 
774.    (Comp,  Sulphurous  acid.) 
Sulphuretted  hydrogen,  in  ammonia-soda 
process,   157 ;    utilization  when  giyen 
off  in   decomposing  Na,S,  236,   242, 
244,  245;   absorption   by  still-liquor, 
314;   treatment    when    given    off   in 
manufacture  of  ammonium  sulphate, 
755;   protection  of   men    against   its 
action,  829;  decomposition  with  SO,, 
829. 
Sulphuric  acid,  emplojment  with   coal 
for  conyerting  NaUl  into  NfiJCOJ^,  184; 
for  manufacturing  chlorine  with  NaCl 


and  MnO,,  283 ;  as  impurity  in  hydro- 
chloric acid,  281,  394 ;  action  on 
Deacon's  contaot-subetance,  394. 

Impurities  in  commercial  sulphuric 
acid,  786;  arsenic  in  different  stages 
of  process,  786 ;  remoyal  of  arsenic, 
786 ;  removal  of  nitrogen  acids,  787. 

Oonoentration  in  lead,  787;  glass, 
790 ;  porcelain,  791 ;  WebVs  appi^ 
ratus,  791 ;  concentration  in  platinum, 
795 ;  iron,  797 ;  combination  of  plati- 
num and  iron,  802;  concentration  by 
hot  gases^  805;  tn  vacuo,  810;  by 
electricity,  810. 

Oost  of  sulphuric  acid,  81 1 ;  statistics,- 
742 ;  action  on  lead,  764 ;  manufac- 
ture without  chambers,  815,  817. 

Sulphuric  acid,  fuming,  manufacture^ 
815,  816 ;  analyses,  816. 

Sulphurous  add  and  ammonia  for  alkali 
manufacture,  184 ;  removal  from 
roaster-gas  for  Deacon  process,  383;- 
manufacture,  773. 

Superheater  in  Deacon  process,  386. 


T. 

Tank-waste  (Leblanc),  treatment,  829; 
employment  for  manufacturing  am- 
monia-soda, 157 ;  for  decomposing 
sodium  sulphate,  243. 

Taylor's  chlorine  process,  570. 

Temperature  in  carbonating  ammoniacal 
salt-solution,  12,  56,  57,  60,  70,  74;  in 
the  Deacon  decomposer,  390;  in  Deacon: 
chambers,  408;  optimum  for  producing 
bleaching-powder,  425,  463 ;  rise  in 
packing  bleaching-powder,  472 ;  in 
bleach ing-powder  casks,  477;  in  the 
manufacture  of  potassium  chlorate, 
513.  517. 

Thelen  pans,  88,  825. 

Thermochemistry  of  the  ammonia-soda 

grocess,  1 1 ;  of  the  Weldon  process, 
61 ;  of  the  Deacon  process,  375,  378 ; 
of  the  chlorate  process,  575 ;  of  decom- 
posing calcium  and  magnesium  chloride 
for  chlorine,  586, 587  ;  of  the  Weldon- 
P^chiney  process,  603 ;  of  Mond's 
magnesia  process,  619 ;  general  remarks 
on  value  of  thermochemical  data,  378. 

Thiosulphate,  manufacture,  830. 

Towers  for  manufticturing  sulphuric  acid, 
817.   (Comp.  Plate-columns.) 

Trimethylamme  for  the  ammoniacal  soda- 
process,  153. 

U. 

Ultramarine,  fitness  of  ammonia-soda  for 
manufacturing  it,  134. 
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V. 


Vacuum-filters  for  bicarbonate,  75. 

Yacuum-paDs  for  sulpburio  add,  810 ; 
for  soda-liquors,  826. 

Yacnttm-pumps  in  the  ammonia-soda 
mannfiEurture,  31,  77,  112,  121. 

Yanadium  in  caustic  soda,  829. 

Yapours  from  calcining  bicarbonate,  97. 

Yautin's  processes,  698,  702. 

Yitriol-oniunbers,  iron  frames,  774;  sets 
of  chambers,  775 ;  oxygen  for  use  in 
them,  775  ;  diminishing  chamber- 
space,  775 ;  promotion  of  draught  by 
fans,  780 ;  depth  of  acid,  780 ;  theory- 
of  chamber- process,  785. 

Yogi  and  8cutt*s  chlorine  process,  571. 

Yolt,  631. 

YoltHimpere,  632. 

Yoltage,  635 ;  calculation  from  heat  of 
formation,  636  ;  observation  of,  645. 


W. 


Wallis's  chlorine  process,  567. 
Washing  exit-gases  from  ammonia-soda 

process,  25,  33;    lime-ldln  gas,  45; 

carbonating-apparatus  gas.  74. 
Waste  acids  from    nitroglycerin,    etc., 

reooTery  of  nitric  acid,  762 ;  of  sul- 

Wphurio  acid,  802. 
aste  h'quor  from  ammonia-stills,  121 ; 
from  Weldon  stills,  369. 
Waste  mud  from  ammonia-stills,  122. 
Water,  primary  decomposition  by  elec- 
trolysis, 648. 
Water-gas  for  deoomposing  sodium  chlo- 
ride, 176. 


Watt.  632. 

Weldon  process  (old),  323 ;  general  prin- 
ciples,  323 ;  arrangement  of  apparatus^ 
3124;  settlers  for  manganous  chloride, 
325;  oxidizers,  327;  bLowing-engipes, 
327 ;  lime-TCMels,  329 ;  neutralixing- 
well,  331 ;  chlorine-«tills,  332.  Work- 
ing  the  process:  neotrolizing,  338; 
precipitating  manganous  oxi£^  341  ^ 
blon'mg,  345 ;  part  played  by  calcium 
chloride,  350 ;  finishing,  353 ;  concen- 
trating the  mud,  355 ;  reactions,  355 : 
red  batches,  356 ;  stiff  batches,  357  r 
treatment  of  mud  for  chlorine,  359; 
rules  for  men,  361 ;  thermochemical 
data,  361 ;  analytical  methods,  361  ; 
yields  and  costs,  364 ;  statistics,  370. 

Weldon  mud :  production,  353 ;  concen- 
tration, 355;  treatment  for  chlorine, 
359 ;  testing,  361 ;  employment  for 
neutralizing  still-liquor,  ^40,  360 ; 
other  uses,  369. 

Weldon's  magnesium-manganite  process, 
558. 

Weldon-P6chiney  process,  591. 

Wilde,  de,   and  Beychler's  process,  55^. 

Wilson's  bleach-liquor,  495. 


Z. 


Zinc  compounds  for  alkali  manufaeturev 
178, 215. 

Zinc  oxide  for  decomposing  sodium  sul- 
phide, 251 ;  for  manufacturing  potas- 
sium chlorate,  541. 

Zinc-blende,  statistics,  741. 
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